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Project- eff i c.ii?ncy was enil.z?ced a10rig -,-it:rl econoz-~ic s a v i . n ~ s  thrroi.g:l redaccd. 
2cr diem costs w i t j l  the iwve of two s ro j ec t  hi.oloi:jists to t i l e  i~iab1.o Ga:~yoil 
area. 
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co:c:.:3j.li ny ?atla, 
Zhre- n e w  k~c r~gane i i t  j.ntex:t.i.dal skat.ioils were cstaLli.sli&. iri tuailsi.tion a r e z s  
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G i a r l t  'red sea urcilrln densi-i:ics c~r!i;iiiued to c?ecI..i.n:: in i,l;j:l: s.!.ht.i.dat st..riciy 
. . 
areas ,  w i r s l ~  dcns i - t ies  of large l,ro,.~li alga:? continued to incredcie. , 
Sea otter movene:?ts and Eluatu~."iS.ci?.s in i:,cznt~iI.y coua'is cjenel-ai1.y parallei::d 
those of previous vsars.  
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observed i.n ~ i a h l  o Co17c. 
Oi,~-;ervatioii; on ~ ~ a t u r a l .  and ;>vc)'9ei- plant  produced foam within i2iablo Cove iJC2:;i 
begun d.uiny t h i s  repar t  ;+eri.od. 
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The e f f i c i e n c y  of our p r o j e c t  was increased s u b s t a n t i a l l y  i n  J u l y  
1975 when two of  o u r  b i o l o g i s t s  moved t o  t h e  Diablo Canyon area.  P.G. 
& E. provided l abora to ry  and o f f i c e  space on s i t e ;  thus  a t  l e a s t  one 
p r o j e c t  member was p resen t  dur ing  every day of the  week and on weekends 
when minus t i d e s  occurred.  This increased on-s i t e  t ime has allowed 
us t o  b e t t e r  monitor day-to-day changes i n  n a t u r a l  condi t ions  a s  w e l l  
a s  p l a n t  cons t ruc t ion  a d  opera t ion  a c t i v i t i e s ;  f o r  example, we can 
now follow t h e  formation and concentrat ion of foam i n  Diablo Cove produced 
both n a t u r a l l y  and by t h e  opera t ion  o f  t h e  cool ing  water discharge.  
The increased on-s i t e  time has a l s o  r e s u l t e d  i n  an inc rease  i n  t h e  
number o f  i n t e r t i d a l ,  s u b t i d a l  and f i s h i n g  s t a t i o n s  surveyed, from 159 
during t h e  1974-75 f i s c a l  year  t o  189 this year. The move o f  t h e  
b i o l o g i s t s  r e s u l t e d  i n  economic savings due t o  g r e a t l y  reduced pe r  diem 
t r a v e l  cos t s .  
A new s tudy was i n i t i a t e d  during t h e  year  when we began making counts  
of small i n v e r t e b r a t e s ,  not  usua l ly  quan t i f i ed  a t  our  random s u b t i d a l  
2 
s t a t i o n s ,  wi th in  randomly s e l e c t e d  one q u a r t e r  meter (k-m ) quadrats .  
Three new permanent i n t e r t i d a l  s t a t i o n s  were es t ab l i shed :  one n o r t h  
and one south  of  Diablo Cove, and one i n  Diablo Cove i n  o rde r  t o  b e t t e r  
evaluate  any changes i n  abalone populat ions ou t s ide  Diablo Cove. 
Work was begun i n  January t o  e s t a b l i s h  a computer f i l e  o f  a l l  p r o j e c t  
da ta .  The N01LqD system w i l l  be used f o r  s torage  and r e t r i e v a l ,  and 
o the r  computer prograrns w i l l  be used f o r  in tens ive  a i ia lys is .  
The Department's Bioiaetric Unit i n  Menlo Park (O-jerations Reseprch 
Branch) provided personnel t o  design t h e  program and a s s i s t e d  i n  
designing forms f o r  recording f i e l d  data. 
s Included i n  t h i s  r e p o r t  a r e  r e s u l t s  of ou r  s t u d i e s  of permanent and 
random s u b t i d a l  s t a t i o n s ;  permanent and random i n t e r t i d a l  s t a t i o n s ;  s e a  
o t t e r  observa t ions ;  commercial abalones, HaZiotis, and g i a n t  red  s e a  urchin ,  
StrongyZocentrotus franciscanus, f i s h e r i e s ;  foam obse rva t ions  i n  Diablo 
Cove dur ing  and a f t e r  coo l ing  water  pump ope ra t ions ;  and va r ious  s t u d i e s  
of  l o c a l  f i s h e s  i nc lud ing  a s p o r t f i s h  catch-per-unit-of-effovt study.  
The annual r e p o r t s  u s u a l l y  con ta in  only  p a r t i a l l y  analyzed d a t a ,  thus  
they  should n o t  be  considered f i n a l  r e p o r t s  and do n o t  func t ion  a s  Depart- 
ment of F i s h  and Game environmental  impact s t a t emen t s .  
This  annual r e p o r t  w i l l  b e  submit ted i n  two p a r t s :  P a r t  I w i l l  i nc lude  
t h e  n a r r a t i v e  and t a b l e s  of c o l l a t e d  and p a r t i a l l y  analyzed d a t a ;  P a r t  I1 
w i l l  i nc lude  t h e  computer-produced tables o f  all raw da ta .  D a t a  ana lyses  
t h i s  and previous  annual  r e p o r t s  have been based on paramet r ic  s t a t i s -  
t i c s ,  assuming normax d i s t r i b u t i o n  for t h e  va r ious  organisms that w e  have 
q u a n t i f i e d .  Once t h e  t r u e  d i s t r i b u t i o n s  are determined by computer 
a n a l y s i s ,  t h e  d a t a  w i l l  be t r e a t e d  a p p r o p r i a t e l y .  
- .  
OPEMT I O N S  
Because of t h e  t r a n s f e r  of t h e  b i o l o g i s t s ,  we spent  765 man-days a t  
t h e  s i t e .  A t o t a l  of 189 permanent and randoin s u b t i d a l  and i n t e r t i d a l ,  
and f i s h i n g  s t a t i o n s  was occupied dur ing  tt ie year .  
Considerable  t ime was spen t  working up a l g a e  samples c o l l e c t e d  a t  
random subt  i d a l  and i n t e r t i d a l  s t a t i o n s  i n  the l abo ra to ry .  Observat ions 
of d i scharge  and n a t u r a l l y  caused foam i n  D i j o l o  Cove were made a t  l e a s t  
once a week. Reconnaissance d ives  were conducted i n  In take  Cove and i n  
\ f r o n t  of t h e  discharge s t r u c t u r e .  
SUBTIDAL SURVEYS 
Permanent S t a t i o n s  
Methods 
The permanent t r a n s e c t s  e s t ab l i shed  i n  1970 (Burgs and Schultz  1973) 
were v i s i t e d  during each of  t h e  t h r e e  oceanosraphic per iods ,  when weather 
and sea  condit ions permit ted (Figure 1). Two d ive r s  s w a m  along t h e  30-m 
(99-ft)  t r a n s e c t  counting o r  es t imat ing  abundance of s e l e c t e d  i n v e r t e b r a t e s ,  
a lgae ,  and f i s h  1 m ( 3 . 3  it) t o  e i t h e r  s i d e  of  t h e  t r a n s e c t  l i n e .  The 
presence o f  schooling f i s h e s  was a l s o  noted over and around t h e  s t a t i o n s  
a s  v i s i b i l i t y  allowed. 
Results 
During t h i s  r epor t  per iod  we v i s i t e d  ssven s t a t i o n s  on t h r e e  d i f f e r -  
ent  occasions and one of  t h e  s t a t i o n s  ($10) once (Tables 1 m-d 2 ) .  W e  
have not  been able  t o  r e l o c a t e  s t a t i o n  8. Buoys on t h e  o r i g i n a l  s t a t i o n  
10 were l o s t  again,  and a f t e r  seve ra l  unsuccessfu3. a t t e n p t s  were made t o  
loca te  t h e  o l d  bottom markers, a ne;.? s t a t i o n  was e s t a b l i s h e d  i n  t h e  
same genera l  a rea .  
In  order  t o  more c l e a r l y  com2dre changes i n  abundmce of a p a r t i c u l a r  
species ,  we included t h e  q u a n t i t a t i v e  r e s u l t s  f o r  ind iv idua l  spec ies  from 
the  permanent s t a t i o n s  i n  the  r e s u l t s  s e c t i c n  of random s t a t i o n  surveys. 
However, genera l  t r ends  of s c v c r a l  invertebrates are presented in t h i s  
sec t ion .  Permanent stat icjns were placed i n  s p e c i f i c  types of h a b i t a t  
within and ou t s ide  Diablo Cove; thus t h e  only s t a t i s t i c a l  s ign i f i cance  
t h a t  can be obtained would be changes through time a t  a  p a r t i c u l a r  s t a t i o n .  
Differerices i n  d e n s i t i e s  bet:-ieen t h e  various s- tat ions are. not corri2arable. 
Lion Rock Cove 
Pecho Ranch 
P . G - K  E .  
D i a b l o  C a n y o n  Power  
Plant S i t e  
F I G U R E  1. 1,ocation of Pcmianent S u b t i d a l  and I n t e r t i d a l  S t a t i o n s  - Diab lo  
Canyon Power P l a n t  S i t e .  (Permanent S u b t i d a l  S t a t i o n s  13,  1 4  
Abandoned; P1 ,  P2 and P3  are  New Perrnanent  I n t e r t i d a l  s t a t i ons ) .  
N o u o o  
N 
o o m  
fn O O N O  - , - l a  
rl rl 
o o m o  
N 
TABLE 1. (cont.) 
S t a t i o n  Number 9 10 11 12 16 
* 
SPECIES Sum. Fall Win. Sum. Fall  Win. Sum. Fall  Win. Sum. Fall Win. Sum,  all Win, M T A ~ S  
ECllINODEffiMATA (cont .) 
Picas fer ochraceus 
S ty  Zas tertias forreri  0 0 0 - - 0 1 0 2 2 0 0 0 6 0 1 
ARTlIROPODA 
Cmcer antennarim 
Lomri~ynchua criapatw 
MOLLUSCA 
Astiwea gibberosa 
Sum. Summer 
Win. = Uinter 
* Relocated 

TABLE 2 9  Numbere of  30 Species of Invertebrates Observed a t  Permanent Subtidql Stations (60 m2) - North and South Coves - Diablo Canyon 
Power Plant S i t e  - July 1, 1975 througli June 30, 1976. 
Station Number 6 7 15  
SPECIES Sum. Fall Win. Sum, Fall Win, Sum. Fall Win. TOTALS 
PORIFERA 
Tethya aurantia 0 4 4 14 11 15 0 0 0 4 8 
COELENTEUTA 
Anthop le?uur artemesia 
Anthopleum x m t h o g d c a  
Tealia cmseiccrnis  
Tealia lo fo tens is  
ECBINODERUTA 
C u c m r i a  miniata 
Eupcntacta quinquesemita 
Herzricia leviwscula 
~ e ~ ; t a a t e r i a s  spp. 
Orathasterias koehzeri 
Paras tichopus caZi formicus 
P a r a s i i c h o p ~  parvimemis 
- 
- 
Patiria miniata 
E s a e t e r  breuispinue 
Sum. = S m e r  
Win. Winter 


Red abalones, H a l i o t i s  rufescens, were p resen t  a t  only one o f  t h e  
f i v e  Diablo Cove s t a t i o n s  (#16) and a t  only one permanent con t ro l  s t a t i o n  
(#IS) loca ted  south of Diablo Cove (Table 3 ,  Figure 1). Numbers of  rock 
-r 
crab, Cancer antennar ius ,  appeared t o  remain r e l a t i v e l y  high i n  Diablo 
Cove and a t  Control S t a t i o n s  (Table 3 ,  Figure 2) .  
The popula t ion  of t h e  predatory sea  s t a r ,  Pycnopodia he l i an tho ides ,  
remained f a i r l y  cons tant ,  while numbers o f  t h e  major red abalone compet- 
i t o r ,  t h e  g i a n t  r e d  s e a  urchin ,  S t ronglylocent ro tus  frar;!ciscanus, contin-  
ued t o  decrease. 
Generally, o t h e r  macroinvertebrates q u a n t i f i e d  a t  t h e  permanent 
s t a t i o n s  showed l i t t l e  change i n  abundance when compared with previous 
years  (Table 4 ) .  However, i n  Diablo Cove t h e  red  top  s n a i l ,  Astraea 
gibberosa, and t h e  nudibranch, Dor iops i l la  albopunctata (Dendrodoris 
a.Zbopunctata), dec l ined i n  abundance; while t n e  green anemone, Antnopleura 
xanthogrammica, increased i n  abundance. A t  c o n t r o l  s t a t i o n s  an increas ing 
abundance t r e n d  was noted f o r  m r i o p s i l l a  and a decreasing t r end  f o r  t h e  
sea  b a t ,  P a t i r i a  miniata.  
Random S t a t i o n s  
Methods 
The s e l e c t i o n  o f  random s u b t i d a l  s t a t i o n s  i n  Diablo Cove was the  
2 2 
same a s  l a s t  year ,  i . e . ,  from a g r i d  of numbered 30.5-m (100-ft ) blocks.  
Our sampling e f f o r t  was doubled, inc reas ing  from s i x  t o  12 s t a t i o n s  pe r  
~ r n . ~ l . i n g  e f f o r t ;  when t h e s e  1 2  s t a t i o n s  %.rere com2let2d we attempted t o  
survey a second s e t  of 12 s t a t i o n s .  Eight s t a t i o n s  were s e l e c t e d  from 
shallow depth blocks of 2.1 t o  7.6 m ( 7 t o  25 f t )  and t h e  remaining four  
s t a t i o n s  were s e l e c t e d  from blocks wi th  depths ranging from 7.9 t o  18.3 
m (26 t o  60 ft) . The s t a t i o n s  were f u r t h e r  s t r a t i f i e d  with s i x  s e l e c t i o n s  
from North Diablo Cove and s i x  from South Diablo Cove (Figure 3 ) .  S t a t i o n s  
2 TABLE 3. Comparison of Mean Counts  P e r  S t a t i o n  (60-m ) f o r  S e l e c t e d  I n v e r t e b r a t e s  
a t  Permanent S u b t i d a l  S t a t i o n s  - Diab lo  Canyon Power P l a n t  S i t e .  
Diab%o Cove Contrpl 
S t a t i o n  9 10 11 12 16 6 7 8 15 
Year 
Cancer antennc;*rius 
HaZiotis mfescens 
0.0 0.3 0.0 65.0 
0.0 0.0 0.0 89.5 
0.0; 1.0 0.0 48.0 
0.0 0.0 0.5 11.0 
0.0 0.0 0.0 1.7 
0 * 0 0.0 0.0 0.0 
Pymopodia hetianthoides 
2.7 0.7 0.3 0.5 
Diablo Cove Control 
S ta t ion  9 10 11 12 16 6 7 8 15 
Year 
% StrongyZocentrotus franciscanus 
( ) = Number of t imes s t a t i o n  was surveyed 
- = Not surveyed, s t a t i o n  not  l o c a t a b l e  
Pyenopodia heliarithaides Strongylocentrotus franciscanus 
FIGURE 2 ,  Mean Counts o f  S e l e c t e d  I n v e r t e b r a t e s  a t  Permanent S u b t i d a l  
S t a t i o n s  - D i a b l o  Canyon Power P l a n t  S i t e  1970-1976. (These 
Means a r e  n c t  Comparable w i t h  Those i n  T a b l e  3 b e c a u s e  o f  a 
D i f f e r e n c e  i n  C o l l a t i o n ) .  
I l l  
TABLE 4. ( con t . )  
SPECIES 
DIABLO COVE** NORTH AND SOUTH COVES*** 
1973- 1974- 1975- 1973- 1974 1975- 
1974 1975 1976 1 9  74 1975 1976* 
- - - - 
ECHINODERMATA (cont.) 
Patir ia  miniata 
Pisaster brevispinus 
Pisaster giganteus 
Pisaster ochraceus 
Pycnopodia he Zianthoides 
Strongy Zocentrotus 
francis canus 
Strongy Zocentro tus 
purpura tus 
Sty.Zas t e r i a s  forreri  
ARTHROPODA 
Cancer antenmrius 
Loxorhgnchus crispatus 
MOLLUS CA 
Astraea gibberosa 
Cerastostoma nuttaZZi 
Cryptochiton s t e  ZZeri 
* - S t a t i o n  8 n o t  surveyed 
*A - S t a t i o n s  9,10,11,12,16 
*** - S t a t i o n s  6,7,8,15 
TABLE 4 .  ( c 0 n t - I  
SPECIES 
DIABLO COVE** NORTH AND SOUTH COVES*** 
1973- 1974-  1975-  1973- 1974-  1975;  
1 9 7 4  1 9 7 5  1 9  7 6 1 9 7 4  1975  1 9 7 6  
MOLLUSCA ( c o n t  . ) 
Doriopsi Z Za azbopunctata 
HaZiotis kamtschatkana 
HaZiotis rufescens 
Hinnites muZtirugosus 
Mitra idae 
CNORDATA 
Stye Za montereyensis 0.004 0.01 0.10 - 
TOTAL STATIONS ( N )  7 1 3  1 3  4 
* - S t a t i o n  8 n o t  surveyed 
** - S t a t i o n s  9,10,11,12,16 
*** - S t a t i o n s  6,7,8,15 
were loca ted  u t i l i z i n g  a fathometer and by t r i a n g u l a t i o n  wi th  a hand-held 
compass s igh ted  on luiown, f ixed  o b j e c t s  on land. Subt ida l  random sampling 
is conducted once a year ,  during t h e  per iod  May through September. A t  
each s t a t i o n ,  counts  were made of  s e l e c t e d  i n v e r t e b r a t e s  and brown a lgae  
2 
wi th in  a 30-m c i r c l e  using an arc- t ransect  method; t h e  b o a t ' s  anchor 
served a s  t h e  cen te r  of t h e  c i r c l e .  F ishes  observed i n  t h e  v i c i n i t y  of  
t h e  c i r c l e  were i d e n t i f i e d  and t h e i r  numbers es t imated  and recorded. S o f t  
r ed  a lgae  were q u a n t i f i e d  by c o l l e c t i n g  a l l  p l a n t s  from a one q u a r t e r  
2 
square meter (k-m ) quadra t  wi th in  t h e  30-m2 a r e a  (see  i n t e r t i d a l  s e c t i o n  
f o r  methods o f  processing t h e  r ed  a l g a e ) .  phys ica l  da ta  inc luding depth,  
s u b s t r a t e ,  v i s i b i l i t y ,  and s u r f a c e  and bottom temperatures were a l s o  
recorded a t  each s t a t i o n .  
Se lec t ion  of  random s t a t i o n s  i n  t h e  Control Area about one mile n o r t h  
of  Diablo Cove (Figure 3) was accomplished i n  a d i f f e r e n t  manner because 
of a lack  o f  a bathyrnetric map. The 12 s t a t i o n s  were chosen by s e l e c t i n g  
1 2  numbers from 20 t o  60 ( rep resen t ing  compass bear ings  from a prominent 
landmark i n  t h e  cen te r  o f  t h e  a r e a )  from random number t a b l e s .  Depths 
ranging from 2.1 t o  18.3 m ( 7  t o  60 f t )  were then s e l e c t e d  from another  
random number t a b l e ;  s i x  numbers from 2.1 t o  6.1 m (2.1 t o  20 f t ) ,  four  
from 6.4 t o  12.2 m (21 t o  40 f t )  and two from 12.5 t o  18.3 m (41 t o  60 
f t ) .  S t a t i o n s  were loca ted  a s  before  with hand-held compass and fathometer.  
In S e p t d e r  we e s t a b l i s h e d  a new study i n  DiaSlo Cove. For some 
time we nave f e l t  a need t o  quan t i fy  s w ~ e  of  t h e  sms l l e r  i n v e r t e b r a t e s  
2 
not  q u a n t i f i e d  a t  t h e  30-m random s t a t i o n s .  Animals sucn as  t h e  cup 
c o r a l s  BalanopLbyll ia e l e g a n s  and Paracyatnirs s t e a r n s i ,  t n e  chi ton  
T o n i c e l l a  l i n e a t a  and s e v e r a l  o t h e r s  occur a t  most of  t h e  random and 
permanent s t a t i o n s ,  bu t  genera l ly  a r e  too  abundant o r  t o o  d i f f i c u l t  
f o r  t h e  d i v e r  t o  see  and inake accura te  counts. Sor~~e of  t h e s e  animals 
FIGURE 3 .  L o c a t i o n  of  Random S u b t i d a l  and I n t e r t i d a l  Areas  - D i a b l o  Canyon 
Power P l a n t  S i t e .  (Dark l i n e s  i n  Diab lo  Cove Designate Deep and 
Shallow S t r a t a  and North Cove and South Cove S t r a t a ) .  
may be  very s e n s i t i v e  o r  r e s i s t a n t  t o  changes in t h e  environment and thus  
may funct ion  as i n d i c a t o r  species .  I n  o rde r  t o  quant i fy  t h e s e  smaller 
inver t eb ra tes  we began making counts wi th in  a one q u a r t e r  meter quadra t  
L ( ki-rn ) a t  four  randomly s e l e c t e d  p i n t s  along a 30-m t r a n s e c t  l i n e .  
The t r a n s e c t  l i n e  was layed o u t  p a r a l l e l  t o  shore  a t  random s u b t i d a l  
2 
s t a t i o n s  (30-m a r c s )  previous ly  surveyed. In add i t ion  t o  counts o f  
inve r t eb ra tes ,  the  d i v e r s  a l s o  made a count o f  a l l  b u l l  ke lp  p l a n t s ,  
Nereocystis l e u t k e a n a ,  within  1 m t o  e i t h e r  s i d e  of t h e  30-m t r a n s e c t  
l i n e ,  and counts  were made of a l l  species  o f  brown a lgae  wi th in  each 
2 %-m quadrat .  
Results  
From J u l y  through September 1975 we surveyed 48 random 33-m 2 
s u b t i d a l  s t a t i o n s ,  24 each i n  Diablo Cove and t h e  Xorth Control (Tables 
5 and 6 ) .  
2 
I n  October 1975.we com2leted surveys of 32, %-m quadra ts  i n  
L 
.Diablo Cove and i n  June 1976, 20, $4-m quadrats  i n  our  North Control 
s u b t i d a l  a r e a  (Table 7 ) .  
A s  we d id  i n  l a s t  y e a r ' s  annual r e l p r t  (Gotshall  e t  a l .  1976),  we 
l i m i t e a  our  d iscuss ion of  ind iv idua l  species  t o  those  animals t h a t  
occurred a t  50% o r  more of  t h e  s t a t i o n s  wi th in  any depth stratum. A t  
2 
t h e  30-m s t a t i o n s ,  12 o f  t h e  35 spec ies  q u a n t i f i e d  met t h i s  requirement, 
while a t  t h e  &&-m2 quadrats  only 5 o u t  of about 40 spec ies  occurred i n  50% 
o r  more of t h e  s m g l e s  (excluding t h e  Tegu la  p u l l i y o / m n t e r e y i  complex). 
T e t h y a  a u r a n t i a ,  t h e  orange p u f f b a l l  sponge, was observed a t  62.5% 
L 
of  t h e  ~ i a b l o  Cove 30-m random s t a t i o n s  and a t  83.3% of t h e  North Control  
L 
s t a t i o n s  (Tables 5 and 6 ) .  It was l e s s  f r equen t ly  observed i n  t h e  %i-m 
quadrats .  However, it was p resen t  a t  a l l  permanent s t a t i o n s  except  
s t a t i o n  15 (TaSles 1 and 2 ) .  This d i s t i n c t i v e  s p ~ n g e  was more abundant 
TABLE 9, Comparison by b p t h  05 Numbers, P o r c e ~ t  Frequenay of  Occurrence, Man,  and 95% Confidence I n t e r v a l s  (C.1.) of Selected  I n v e r t e b r a t e s  - Mandm 
Bubtidal S ta t ton8  ( 3 0 3 2 ) ~  Diablo Cow v Diiablo Cqnyon Power P laq t  B i t e  -, Ju ly  1 through September 30, 1975, 
pepth: . . i* '5 .L 7 * 6  m. ' . . . . - . . . 7.9 .- 15.2 " Combined 
No. Percent Mean 9 5% No. Percent Mean 95% NO. Percent  Mean 95% 
Species counted freq.  no. /m C.I.  counted freq.  no. /m C.I. counted freq.  no./m C.I. 
Tethya aurantia 
COELENTERATA 
AnthopZeura xanthogranrmica 
ARWKOPODA 
Cancer antennurius 
MOLLUSCA 
Astraea gibberosa 
DoriopsiZla albopunctata 
ECHINODERMATA 
Henricia leviuacu2a 
Leptusterias spp. 
Patiria miniata 
Pisaster giganteus 
CHORDATA 
Stye la nontereuensis 17 50.0 0.04 f 0.04 11 62.5 0.05 & 0.04 2 8 54.2 0.04 t 0 . 0 2  
TOTAL STATIONS 16 8 24 
TABLE 6. Comparison by Depth of  Numbers, Pe rcen t  Frequency o f  Occurrence ,  Mean, and 95% D n f i d e n c e  Intervale ( C . 1 , )  of Ogfretqq ZI)V@*&F@$(LC r 
Random S u b t i d a l  S t a t i o n s  - North  Con t ro l  - Diablo Canyon Power P l a n t  S i t e  - J u l y  1 th rough  Septembev 30, 1975, 
Depth: 1.5 - 7.6 m 7*9 - &h-  
No. Pe rcen t  Mean 95% NO. Pe rcen t  Mean 95% No, P e r c e n t  Mean 95% 
Spec ie s  counted f req.  n0./In2 C.1. counted f r e q .  nO./m C.I. counted f r e q .  no./m C.1. 
PORIFERA 
Tethya aumntia 4 7 73.3 0.10 f 0.07 80 100.0 0.30 t O . 1 4  127 83.3 0,18 S P.07 
COELENTERATA 
8 AnthopZeura mntkogranrmica 206 100.0 0.46 2 0.23 44.0 0.03 50 .04  214 79.2 0.30 f 0.16 
ARTHROPODA 
Cancer antennariua 6 33.3 0.01 t O . 0 1  1 11.1 0.004 t 0.005 7 25.0 0.01 1 0.01 
h!OLLUS CA $ 
As tmea  gibberosa 142 86.7 0.32 f 0.24 103 88.9 0.38 t 0.29 245 87.5 0.34 i 0.17 
Doriopui Z Za aZbopunctata 69  73.3 . 0.15 t 0.09 4 8 77.8 0.18 t 0.14 117 75.0 0.16 f 0.07 
ECHINOUEWTA 
Henricia leviusoula 55 86.7 0.12 t 0.05 21 77.8 . 0.08 t 0.06 7 6 83.3 0.10 $0.04 
Leptasteriae spp. 38 93.3 0.08 t 0.03 6 55.6 0.02 t 0.02 44 79.2 0.06 f 0.02 
Patiria rniniata 565 100.0 1.26 t 0 . 5 5  844 100.0 3.13 t 1 . 4 2  1409 100.0 1.96 f 0.69 . 
Pisas t e r  gigmttew 13 53.3 0.03 t 0.02 34 77.8 0.13 i 0.12 47 66.7 0.06 f 0 . 0 5  
- 
- Py~mopodia he Zianthoidee 18 80.0 0.04 t 0.03 2 2 88.9 0.08 i 0.08 40 83.3 0.06 k 0.03 
TABLE 6 .  (cont .) 
1 .5  - 7.6 m 7 .9  - 18.3 m Combined 
No. Percent Mean - 95% No. Percent Mean 95% Percent Mean- 95% 
Species  counted freq. no./m2 C.I. counted freq.  no. /mL C . I .  counted freq. no./' C . I .  
i 
CHORDATA 
TOTAL STATIONS 15 
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TABLE 7. (C0nt.I 
SPECIES 
Diablo Cove North Control  
No. Percent  Mean 95% No. Percent  Mean 95% 
counted f req. no. /&m2 C . I .  counted f r e q .  no. /11;m2 C.I. 
BROhN ALGAE 
TOTAL STATIONS (N) 32 
Depth Range (m) 3.0 - 17.4 
* = Animals discussed i n  r e s u l t s  s e c t i o n  
a t  t h e  deeper random s t a t i o n s .  i4eans p e r  square meter from Diablo Cove 
random s t a t i o n s  during 1974 were lower than i n  1975, 0.09 compared t o  
0.15. This d i f f e rence  is  most l i k e l y  due t o  n a t u r a l  and sampling v a r i -  
a b i l i t y .  North Control random s t a t i o n s  produced a much wider discrepEincy 
of  mean counts, 0.05 i n  1974 and 0.18 i n  1975; the  95% confidence i n t e r v a l s  
were - + 0.05 and 0.07 respect ive ly .  Thus, it appears t h a t  t h e  populat ion 
of  T e t h y a  has increased i n  t h e  North Control a r e a  a t  a g r e a t e r  r a t e  than  
t h a t  of Diablo Cove. Despite i t s  lower f requencies  o f  occurrence, recorded 
2 T e t h y a  d e n s i t i e s  a t  t h e  52, &-m quadrats  i n  Diablo Cove and North Control 
were s u b s t a n t i a l l y  h igher ,  p a r t i c u l a r l y  a t  North Control s t a t i o n s ,  than  
2 
those  recorded a t  random 30-m a reas  o r  permanent 60-m2 t r a n s e c t s  (Table 8 ) .  
Anthopleura x a n t h o g r a m i c a ,  t h e  green anemone, occurred almost a s  
f requent ly  a t  North Control s t a t i o n s  a s  a t  D i a i 3 1 0  Cove s t a t i o n s ,  79.2% and 
87.5% respec t ive ly  (Tables 5 and 6 ) .  The d e n s i t i e s  i n  t h e  two study a reas  
2 
were a l s o  almost i d e n t i c a l ,  0;30 and 0.32 pe r  m r e spec t ive ly .  The 
abundance of the  green anemone increased only s l i g h t l y  i n  Diablo Cove from 
t h e  1974 survey (Gotshall  e t  a l .  1976) t o  the  1975 survey. Conversely, 
t h e r e  was more than a twofold inc rease  i n  dens i ty  i n  t h e  North Control 
2 between 1374 and 1975, 0.12 t o  0.30 p e r  m r e spec t ive ly .  
Permanent s t a t i o n s  i n  ~ i a b l o  Cove y ie lded s u b s t a n t i a l l y  lower mezn 
' 2  d e n s i t i e s  than those of random 30-m s t a t i o n s ;  conversely, the  random 4-m2 quadrats  
produced much l a r g e r  mean d e n s i t i e s  than those of t h e  o the r  two methods. 
Bal .anophy l l i a  e l e g a n s ,  t h e  orange cu2 c o r a l ,  is one of t h e  more 
abundant coe len te ra tes  i n  Diablo Cove and surrounding areas .  Because of 
t h e  high d e n s i t i e s ,  we have not  attempted t o  quan t i fy  it a t  t i e  randon 
2 30-rn o r  permansnt 60-m2 s t a t i o n s .  However, i ts  frequencies of  occurrence 
has been monitored; it was observed a t  79% of t h e  random s t a t i o n s  and a t  
90% of t h e  permanent s t a t i o n s  during t h e  1973 sumner surveys. The mean 
L densi ty  of  t h e  orange cup c o r a l  in%-m quadra ts  was 16.00 i n  Diablo Cove 
= -  TABLE '8. Comparison of  D e n s i t i e s  (No. /m2) of Se l ec t ed  I n v e r t e b r a t e s  and Brown Algae a t  
Random and Permanent S u b t i d a l  S t a t i o n s  - Diablo Canyon Power P l a n t  S i t e  - 
J u l y  1, 1975 through June  30, 1976. 
Diablo Cove 
2 North Cont ro l  30-m k-m Permanent 30-m 2 2 * k-m Permanent 
s t a t i o n  s t a t i o n  s t a t i o n s  s t a t i o n s  s t a t i o n s  s t a t i o n s  
INVERTEBRATES (60-m2) (60-m2) 
- Anthop Zeura artemisia 0.07 0.48 0.02 0.02 3.80 0.04 
Astraea gibberosa 0.19 1.00 0.16 0.34 0.80 0.02 
Patiria miniata 2.88 5.76 2.19 1.96 4.80 2.01 
Pisaster giganteus 0.06 0.12 0.06 0.06 0.00 0.24 
Strongy Zocentrotus 0.56 0.76 0.40 0.13 0.40 2.10 
francis canus 
-Styela montereyensis 0.04 0.75 0.10 0.07 0.60 0.55 
Tethya aurantia 0.15 0.24 0.20 0.18 0.60 0.09 
BROWN ALGAE 
Laminaria dentingera 3.15 3.64 1.03 0.32 1.80 0.68 
Pterygophera c a l i f o m i c a  2.90 1.76 2.42 0.42 6.20 2.39 
* Permanent c o n t r o l  s t a t i o n s  l o c a t e d  i n  North and South Coves. 
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and 19.25 i n  t h e  North Control (Table 71, making it t h e  most abundant 
animal y e t  quan t i f i ed .  Permanent s t a t i o n s  had s u b s t a n t i a l l y  h igner  
2 frequencies o f  occurrence than d i d  random %-m quadrats .  
Cancer antennarius, t h e  rock crab,  was c o m n  a t  shallow 30-m 2 0 
s t a t i o n s  (7.6 m o r  l e s s )  i n  Diablo Cove a s  w e l l  a s  t h e  North Control 
s t a t i o n s .  It was p a r t i c u l a r l y  common i n  rocky a r e a s  where t h e r e  a r e  
crevices  i n  which t o  hide. The mean dens i ty  was s l i g h t l y  h igher  i n  
Diablo Cove than it was a t  North Control s t a t i o n s ,  0.02 compared t o  
0.01 pe r  rn2 ( ~ a b l e s  5 and 6 ) .  The d i f fe rence  i n  dens i ty  probably is 
no t  s i g n i f i c a n t .  Permanent s t a t i o n s  i n  Diablo Cove and Control a reas  
nor th  and south o f  ~ i a b l o  Cove y ie lded s i m i l a r  mean d e n s i t i e s  of  rock 
crab, 0.01 and 0.02 pe r  m2 r e spec t ive ly  (Tables 1 and 2 )  . The rock 
2 
crab  was no t  observed i n  any of  t h e  52, %i-m quadrats .  
Acmaea m i t r a ,  t h e  dunce-cap l impet ,  is another  small  i n v e r t e b r a t e  
t h a t  occurs a t  most random 30-m2 and permanent 60-rn2 s t a t i o n s ,  bu t  
because of  i ts  small  s i z e  and because i t  i s  d i f f i c u l t  t o  see ,  it was 
not  quan t i f i ed .  It w a s  p r e s e n t  a t  59.4% of t h e  Diablo Cove k-m 2 
quadra ts  and a t  60.0% of the  North Control quadra ts  (Table 7) . Its 
- 2 
abundance i n  both areas  was 1.38 and 1.20 2 e r  %-m r e s sec t ive ly .  
A s t r a e a  gibberosa, t h e  red  t o p  s n a i l ,  is now t h e  most common l a r g e  
gastropod i n  our  study a reas .  I t  w a s  observed a t  95.8% of the  Diablo 
2 Cove 30-m s t a t i o n s  and a t  87.5% of t h e  2Jorth Control  s t a t i o n s  (Tables 5 
and 6 . )  . I t  was more abundant a t  North Control  s t a t i o n s  than a t  Diablo 
Cove s t a t i o n s ,  0.34 and 0.19 per  m' r e s2ec t ive ly .  It i s  more abundant 
a t  s t a t i o n s  deeper than 7.6 m i n  both a reas .  Permanent s t a t i o n s  i n  
Diablo Cove y ie lded d e n s i t i e s  very c l o s e  t o  those  recorded a t  random 
s t a t i o n s .  Random s t a t i o n  d e n s i t i e s  i n  Diablo Cove were higher i n  1974 
2 2 (0.32 - + 0.21/m ) than they were i n  1975 (0.19 - + 0.08/m ) ;  conversely,  
2  
they were lower i n  1974 (0.06 - + 0.04/m ) a t  North Control s t a t i o n s  than i n  
2  1975 (0.34 - + 0.17/m ) .  The d i f fe rences  i n  Diablo Cove a r e  be l ieved t o  be 
e n t i r e l y  due t o  sampling v a r i a t i o n ,  s i n c e  95% confidence i n t e r v a l s  o f  the  
mean a r e  t o o  wide t o  i n d i c a t e  otherwise. The d i f fe rences  i n  t h e  North 
Control appear t o  be s i g n i f i c a n t .  
The k-m2 quadrats  produced much higher mean dens i ty  f igures  i n  both 
2  
study areas  t h a n  recorded a t  random 30-m2 o r  permanent 60-m s t a t i o n s  
(Table 8) .  
Dor iops i l l a  albopunctata (= Dendrodoris f u l v a ) ,  t h e  white spo t t ed  s e a  
lemon, is  t h e  most common l a r g e  nudibranch t h a t  we have encountered i n  our  
s tud ies .  It occurred a t  about t h e  same frequency i n  both study a r e a s ,  
79.2% of t h e  Diablo Cove random s t a t i o n s  and 75.0% o f  t h e  North Control  
random s t a t i o n s .  Mean d e n s i t i e s  were almost i d e n t i c a l ,  0.15 and 0.16 
2  p e r  m respect ive ly .  The 1975 mean d e n s i t i e s  of  b r i o p s i l l a  were l a r g e r  
than those  recorded i n  1974. I n  1974, t h e  14  s t a t i o n s  in DiaSlo Cove 
y ie lded a  mean of  0.08 p e r  m2 with a  95% confidence i n t e r v a l  of + 0.03; 
- 
a t  t h e  14 North Control  s t a t i o n s  t h e  mean was 0.10 p e r  m2 with a  95% 
confidence i n t e r v a l  of  - + 0.07. Even tnough t h e  confidence i n t e r v a l s  f o r  
t h e  two yea r s  d a t a  over lap ,  these  increases  niay prove t o  be s i g n i f i c a n t  
with complete s t a t i s t i c a l  analys is .  Uor iops i l l a  was observed a t  l e a s t  
once a t  a l l  o f  t h e  Diablo Cove permanent s t a t i o n s ;  however, t h e  mean 
dens i ty  was s u b s t a n t i a l l y  lower than a t  permanent c o n t r o l  s t a t i o n s .  It 
was p resen t  a t  a l l  permanent con t ro l  s t a t i o n s  and the  mean dens i ty  o f  
0.13 p e r  m2 was c l o s e r  t o  t h a t  of t h e  random s t a t i o n  d e n s i t i e s  (Tables 1 
and 2) .  Counts of  t h i s  b r igh t  yellow nudibranch wi th in  t h e  &-m2 quadra ts  
2 
were about t h e  same a s  those  of t h e  30-m s t a t i o n s  i n  Diablo Cove bu t  were 
almost f o w  times h igher  a t  ~ o r t h  Control g-m2 s t a t i o n s  than  a t  t h e  30-m 2  
s t a t i o n s  i n  t h e  same area.  
Homalopoma l u r idurn ,  a smal l  turban s h e l l ,  has almost been completely 
ignored a t  o u r  r & d m  30-rn2 and permanent 60-m2 s u b t i d a l  s t a t i o n s .  We 
observed t h i s  s n a i l  a t  40.6% of t h e  Diablo Cove and 60.0% of  t h e  North 
2 Control  &-m quadrats .  The mean dens i ty  l e r  k-m2 quadrats  was 1.16 i n  
Diablo Cove and 1.35 i n  t h e  North Control.  
T o n i c e l l a  l i n e a t a ,  t h e  l i n e d  chi ton ,  is  another  common mollusk t h a t  
occurs throughout t h e  Diablo a r e a  saal low s u b t i d a l ,  bu t  because i ts  c o l o r  
c lose ly  matches t h a t  of t h e  background encrus t ing  c o r a l l i n e  a lgae  on 
which it occurs,  it is very d i f f i c u l t  t o  see.  We have attempted t o  make 
counts of T o n i c e l l a  a t  random 30-rn2 and permanent 60-m2 s t a t i o n s  b u t  t h e  
counts  were obviously minimal. The l i n e d  ch i ton  was observed a t  42.8% of 
t h e  DiaSlo Cove and 71.4% of t h e  North Control random 30-m2 s t a t i o n s  i n  
1974 (Gotshall  e t  a l .  1976). In  1975, it was recorded a t  83.3% of both 
2 Diablo Cove and North Control 30-m s t a t i o n s .  T o n i c e l l a  w a s  almost  a s  
common i n  k-m2 quadrats  i n  Diablo Cove as  i n  t h o s e  o f  t h e  North Control  
(Table 7 ) .  In  Diablo Cove t h e  average dens i ty  was 1.88 per  k-m2 and i n  
2 
t h e  North Control ,  1.60 p e r  k-m . 
B e n r i c i a  l e v i u s c u l a ,  t h e  r ed  sea  s t a r ,  increased s l i g h t l y  i n  
abundance i n  Diablo Cove between 1974 (Gotshall  e t  a l .  1976) and 1975 
L 
surveys, from 0.5 (+ - 0.04) t o  0.08 (2 0.06) pe r  m (Table 5 ) .  This 
change i n  dens i ty  is  probably due t o  sampling v a r i a t i o n  which involves 
observer  e r r o r  due t o  t h e  c r y p t i c  na tu re  of t h e  animal as we:Ll a s  the  
animal 's  changes i n  s p a t i a l  d i s t r i b u t i o n .  I n  t h e  North Control t h e r e  
was a l s o  a s l i g h t  inc rease  i n  abundance from 0.07 t o  0.10 pe:c m 2 
(Table 6 ) .  Again t h i s  change probably rep resen t s  sampling v a r i a t i o n .  
The mean dens i ty  of H e n r i c i a  a t  permanent s t a t i o n s  wi th in  Diablo Cove 
was 0.05 p e r  rn2 during surveys conducted between J u l y  1975 and June 1976. 
(Tables 1 and 4 ) .  I n  survays conducted between J u l y  1974 and June 1975, 
2 
t n e  mean was 0.04 pe r  m . Permanent con t ro l  s t a t i o n s  o u t s i d e  Diablo Cove 
yie lded s i m i l a r  d e n s i t i e s ,  0.04 (July 1974-June 1975) and 0.06 p e r  m 2 
(July 1975-June 1976). Apparently t 5 e  populat ions o f  H e n r i c i a  i n  the  
Diablo a r e a  have been q u i t e  s t a b l e  a t  l e a s t  during t h e  l a s t  2 o r  3  years. 
L e p t a s t e r i a s  spp.,  t h e  six-rayed sea  s t a r s ,  occur in t h e  Diablo 
Cove area .  A t  l e a s t  two spec ies  a r e  found t h e r e  b u t  because it is  
d i f f i c u l t  t o  sepa ra te  them i n  t h e  f i e l d  we have lumped them. These sea  
s t a r s  were observed more f requent ly  a t  the  random 30-m2 North Control  
s t a t i o n s  than a t  those o f  Diablo Cove (Tables 5 and 6 ) .  The average 
dens i ty  was a l s o  g r e a t e r  a t  North Control s t a t i o n s ,  0.06 2 e r  m 2 
7 
compared to 0.02 pe r  m" i n  Dlablo Cove. vlnen compared witn 
1975 random survey da ta  both Diablo Cove and dor th  Control  s t a t i o n s  
2 
showed a  s u b s t a n t i a l  inc rease  i n  dens i ty ;  0.005 t o  0.02 p e r  m i n  
DiaLilo Cove and 0.01 t o  0.06 p e r  in2 i n  t h e  North Control.  Because 
these  smal l  s e a  s t a r s  a r e  o f t e n  n o t  seen by t h e  d ive r s ,  t h e  d i f fe rences  
i n  dens i ty  a r e  probably a r t i f a c t s  due t o  sampling e r r o r .  Densi t ies  
observed i n  &-m2 quadra ts  were considerably h igher  i n  both study a r e a s ;  
0.38 and 0.20 p e r  m2 i n  Diablo Cove and North Control quadra ts  respec- 
t i v e l y .  A t  permanent s t a t i o n s  i n  Diahlo Cove, t h e  observed dens i ty  of  
~ e ~ t a s t e r i a s  was q u i t e  low,  0.002 pe r  m2 a s  compared t o  0.06 per  m2 a t  
permanent Control s t a t i o n s  ou t s ide  t h e  Cove (Tables 1 and 2 ) .  
P a t i r a  m i n i a t a ,  t h e  sea  ba t ,  i s  a  scavenging sea  s t a r  and t h e  most 
abundant and ubiquitous l a r g e  inver t eb ra te  i n  the  Diablo area .  It was 
2  p resen t  a t  95.8% o f  t h e  Diablo Cove random 30-n s t a t i o n s ,  and a t  a l l  
random 30-m2 s t a t i o n s  i n  the  North Control (Tables 5 and 6 ) .  Densi t ies  
i n  both study areas  remained about t h e  same when compared t o  1974 surveys; 
2.88 versus 2.54/m2 i n  1975 a t  D i d l o  Cove s t a t i o n s ,  and 1.96 versus 
1. 73/m2 i n  1975 a t  North Control s t a t i o n s .  S l i g h t l y  higher d e n s i t i e s  
were observed a t  permanent s t a t i o n s  i n  Diablo Cove and Control  s t a t i o n s  
ou t s ide  t h e  Cove. (Tables 1 and 2 ) .  The random 4-m2 quadra ts  produced 
2 
much l a r g e r  d e n s i t i e s  than e i t h e r  random 30-m o r  permanent 60-m 2 
2 
s t a t i o n s ,  5.76 and 4.80/m f o r  Diablo Cove and North Control s t a t i o n s  , 
respect ive ly .  
P i s a s t e r  g i g a n t e u s ,  t h e  g i a n t  spined sea  s t a r ,  was observed more 
f requent ly  a t  North Control 30-m2 s t a t i o n s  than a t  those  i n  Diablo Cove 
(Tables 5 and 6 ) ,  b u t  the  average dens i ty  was the same i n  both  a reas ,  
2 0.06/m . These d e n s i t i e s  represented  an increase  i n  ~ i a b l o  Cove and a 
decrease a t  North Control s t a t i o n s  s i n c e  t h e  1975 surveys. P i t  t h i s  
p o i n t  it i s  no t  known whether t h e s e  changes a r e  s t a t i s t i c a l l y  s i g n i f i -  
cant .  The mean dens i ty  of the  g i a n t  s2ined sea  s t a r  remained about t h e  
same a t  permanent Diablo Cove and Control s t a t i o n s  between t h e  1974-75 
and 1975-76 survey per iods  (Tables 1, 2, and 4) . This l a r g e  sea  s t a r  
was observed a t  only one of  tile 32, .A-m2 quadra ts  i n  Diablo Cove and 
2 
a t  none of  the  20 Xorth Control %-rn s t a t i o n s .  
Pycnopodia  n e l i a n t h o i d e s ,  t h e  21-rayed sun s t a r ,  i s  a highly 
mobile and predaceous form and was p resen t  a t  70.8% of  t h e  Diablo Cove 
2 30-m s t a t i o n s  and a t  83.3% of t h e  il.lorth Control s t a t i o n s .  'ike mean 
2 dens i ty  was t h e  same f o r  both a r e a s ,  0.06/rn . The populat ion of 
Pycnopodia  seems t o  have remained about the same s ince  l a s t  y e a r ' s  
surveys when Diablo Cove 30-m2 s t a t i o n s  y ie lded d e n s i t i e s  of 0.08/m 2 
2 
and North Control s t a t i o n s  had d e n s i t i e s  of  0.07/m . Densi t ies  a t  
permanent 60-m2 t r a n s e c t s  i n  1975 i n  Diahlo Cove were exac t ly  ha l f  
2 
t hose  observed a t  random s t a t i o n s ,  0.03/m . Very few 21-rayed sea  
L 
s t a r s  were encountered a t  %-m quadrats .  
S t r o n g y l o c e n t r o t u s  f r a n c i s c a n u s ,  t n e  g i a n t  r ed  sea  urchin,  was 
t h e  most abundant l a r g e  i n v e r t e b r a t e  i n  D i G l o  Cove when we f i r s t  
began o u r  s t u d i e s  i n  1973 and e a r l y  1974. Since May 1974, however, the  
populat ion i n  Diablo Cove has s u f f e r e d  a major decl ine .  We be l i eve  t h i s  
dec l ine  i s  due pr imar i ly  t o  foraging sea  o t t e r s .  In  June and J u l y  1974 
we observed hundreds of  urchin  tests with damage c h a r a c t e r i s t i c  of  o t t e r  
predat ion  a t  one permanent and f i v e  random Diablo Cove s t a t i o n s .  Other 
p o s s i b i l i t i e s  might inc lude  copper induced mor ta l i ty  during cool ing  water 
pump t e s t i n g  i n  June - J u l y  1974, and a long l a s t i n g  red t i d e  which 
occurred during t h e  f a l l  of 1974. In f4ay and June 1974 before t h e  2 l a n t  
s t a r t e d  t e s t i n g  t h e  cooling water pump, we observed an average of 3.83 
2 p e r  m g i a n t  red  s e a  urchins a t  11 Diablo Cove random s t a t i o n s  (Gotshall  
2 
e t  a l .  1974).  This average decl ined t o  0.56/m a t  24 random s t a t i o n s  i n  
1975 (Table 5 ) .  Mean dens i ty  i n  t h e  North Control Study a r e a  was 2.22/m 2 
a t  s i x  s t a t i o n s  i n  Xay and June 1974. By 1975 ti-ie mean dens i ty  had 
2 declined t o  0.13/m a t  24 random s t a t i o n s  (Table 6 ) .  Since t h i s  a rea  i s  
well  removed from any poss ib le  e f f e c t s  of  copper r e l e a s e ,  t h e  dec l ine  is  
probably due e n t i r e l y  t o  sea  o t t e r  foraging. Sea o t t e r s  have been r a f t i n g  
and foraging i n  t h e  North Control s ince  e a r l y  1973. Permanent s t a t i o n s  i n  
Diablo Cove and Control s t a t i o n s  ou t s ide  t h e  Cove have a l s o  r e f l e c t e d  a 
decl ine  i n  numbers of g i a n t  red sea  urchins  (Table 4 ) .  Althougl.1 a  g r e a t e r  
dec l ine  (35% of o r i g i n a l  s tanding crop) is evident  i n  Diablo Cove, most of  
t h e  dec l ine  occurred a t  Permanent s t a t i o n s  9, 10 ,  and 16  i n  Diablo Cove 
and Control S t a t i o n s  6, 7, and 8. The 32 random &-rn2 quadra ts  surveyed i n  
2 Diablo Cove y ie lded a dens i ty  of 0.75 g i a n t  r ed  sea urchins pe r  m . North 
2 
c o n t r o l  random %-m2 quadrats  produced a mean dens i ty  of  0.40/m . :lost of 
L 
the urchins  ohserved i n  t h e  !&-m quadrats  were juveni les  with a t e s t  
diameter of  1 t o  2 inches. 
Styela monteregensis, a s o l i t a r y  t u n i c a t e ,  appeared a t  s l i g h t l y  over 
2 hal f  of t h e  30-~rt s t a t i o n s  in D i a S l ~  cove and t h e  ;Jorth Control (Tables 5 
2 
and 6). The mean d e n s i t i e s  w e r e  0.04 and 0.07/m respective:Ly. The mean 
2  dens i ty  a t  perman'ent Diablo cove 60-m2 t r a n s e c t s  was 0.10/m ; and a t  
2  Control s t a t i o n s  outs ide  t h e  Cove, 0.55/m . (Tables 2 and 4 ) .  A s  with 
mst of t h e  o t h e r  quan t i f i ed  i n v e r t e b r a t e s ,  t h e  k-m2 w a d r a t s  y ie lded  
h igher  d e n s i t i e s  than d i d  the 30-rn2 s t a t i o n s ,  0 .  62/m2 a t  Diablo Cove and 
2  0.50/m a t  North Control s t a t i o n s .  
Discussion 
W e  now have 3 years  o f  s u b t i d a l  d a t a  from t h e  permanent s t a t i o n s  
p lus  t h e  d a t a  c o l l e c t e d  bir Burge and Schultz  (1973) i n  1970 and 1971, 
and we have observed changes i n  abundance i n  s e v e r a l  of  t h e  spec ies  
quan t i f i ed .  For example, r e d  abalone and g i a n t  r e d  s e a  urchins have 
decl ined s u b s t a n t i a l l y ;  they have a l s o  decreased wi th in  t h e  random 30-m 2 
s t a t i o n s .  Generally, t h e  spec ies  which a r e  s u b j e c t  t o  nigh !sampling 
v a r i a t i o n  due t o  counting problems ( c r y p t i c  o r  bur i ed  i n  a lgae )  a t  30-m 2 
and permanent 60-m2 s t a t i o n s  a r e  A s t r e a ,  L e p t a s t e r i a s ,  D o r i o p s i l l a ,  
T o n i c e l l a ,  and S t y e l a .  Species t h a t  p resen t  fewer counting problems 
include H e n r i c i a ,  A n t h o p l e u r a ,  C a n c e r ,  P a t i r i a ,  P i s a s t e r ,  P y c - n o p d i a ,  
and S. F r a n c i s c a n u s .  
The major d i f f e rence  i n  t h e  da ta  obtained from t h e  permanent and 
random s t a t i o n s  is the mean d e n s i t i e s .  Generally, t h e  random quadra ts  
i n  Diablo Cove y ie lded h igher  mean d s n s i t i e s  than d i d  random s t a t i o n s  
o r  permanent s t a t i o n s  f o r  most of t h e  p l a n t s  and animals q u a n t i f i e d  
(Table 81.. The random s t a t i o n  da ta  probably is  more r e f l e c t i v e  o f  t h e  
t r u e  d e n s i t i e s  i n  Diablo Cove because a l l  of  tile Cove's various h a b i t a t s  
a r e  included i n  t h e  samsling area .  The permanent s t a t i o n s  i n  Diablo 
Cove a r e  l i m i t e d  t o  t h e  c e n t r a l  and soutrl 2 a r t  o f  t h e  Cove and show 
d e n s i t i e s  wi th in  the  plume a r e a ,  but  do not  inc lude  t h e  h a b i t a t  t h a t  
e x i s t s  i n  t h e  n o r t h  p a r t  o f  t h e  Cove. The permanent s t a t i o n s  do no t  cover 
a l l  depths wi th in  t h e  Cove; one s t a t i o n  i s  loca ted  i n  the 3.0 t o  3.7 m 
(10 - 12 f t )  range, another  i n  7.6 t o  9.2 m (25 t o  30 f t ) ,  another  i n  9.2 
t o  10.7 m (30 t o  35 f t ) ,  another  i n  13.7 t o  16.8 m (45 t o  55 f t ) ,  ande 
another  i n  21.4 t o  22.9 m (70 t o  75 f t ) .  The random s t a t i o n s  i n  Diablo 
Cove cover a l l  depths between 2.1 m and 18.3 m (7 and 60 f t )  and nave 
been s t r a t i f i e d  i n t o  two groups, 2.1 t o  7.6 m (7 t o  25 f t )  and 7.9 t o  
18.3 m (26 t o  60 f t ) .  The a c t u a l  depths of the  shallow s t a t i o n s  surveyed 
i n  1975 were: 1.8, 2.1 t o  3.0, 3,  4.3, 4.6 t o  6.1, 4.9 t o  5.8, 6.1, 6.7 
t o  7.6 m. The shallow and deep s t ra tum s t a t i o n s  were f u r t h e r  d iv ided 
equally between t h e  nor th  and south por t ion  of  the  Cove. 
I t  appears t h a t  t h e r e  a r e  s u b s t a n t i a l  d i f f e rences  i n  d e n s i t i e s  of  
seve ra l  of the  quan t i f i ed  inver t eb ra tes  between nor th  and south Diablo 
Cove (Table 9 ) .  For example, green anemones; white spo t t ed  sea lemons; 
red  s e a  s t a r s ;  b a t  s t a r s ;  g i a n t  s2ined s e a  s t a r s ;  21-rayed sun flower 
s t a r s ;  s o l i t a r y  t u n i c a t e s ,  S t y e l a  montereyensis; and g i a n t  red  sea urchins  
were much riore abundant a t  shallow s t a t i o n s  i n  nor th  Diablo Cove than 
a t  those of south ~ i a b l o  Cove. Bull  ke lp  was a l s o  more mundant  i n  t h e  
north p a r t  of t h e  Cove. Conversely, Pteryyo2nora was about nine t imes 
more abundant a t  s t a t i o n s  i n  tne  south p a r t  of t h e  Cove; t h i s  may be  due 
t o  t h e  f a c t  t h a t  t h e  shallow p a r t  of t h e  soutn Diablo Cove conta ins  more 
sandy areas .  W e  have observed t h a t  mature Pterygophora can withstand a 
good dea l  of  sanding-in and sand scouring while o t h e r  fo rns ,  such a s  the 
s o f t  reds and greens, cannot. Ynis r e s i s t a n c e  probably provides 
PterygopL\ora with a competitive edge i n  rocky areas  of  high sand t r anspor t  
r a t e s  such a s  the  southern por t ion  of Diablo Cove. It is a l s o  p o s s i b l e  
t h a t  t h e  copper discnarge in 1974 has decrsased populat ion abundance of 
many species  of  t h e  quan t i f i ed  inver tebraces  i n  soutn Di&lo Cove. 
TABLE 9, Comparison of Means per  Square Meter and Percent  Frequency o f  S e l e c t e d  I n v e r t e b r a t e s  and 
Brown Algae Occurrence i n  North and South ~ i a b l o  Cove (A.5 - 7.6 m dep ths )  - Diablo  
Canyon Power P l a n t  S i t e  - J u l y  1 through September 30, 1975. 
North Diablo Cove South B M l o  Cove 
Sum Percent  Me an 95% Sum Percen t  Mean 95% 
f r eq .  number/m2 confidence f req  . number/m2 con£ idence  
i n t e r v a l  i n t e r v a l  
INVERTEBRATES 
Anthopleura x m t h o g r m i c a  180 100.0 0'75 2 0.64 24 75.0 0.10 2 0.07 
Astraea gibberosa 24 87.5 0.10 5 0.07 37 100.0 0.15 2 0.12 
Cancer antennarius 6 75.0 0.02 t 0.01 5 50.0 0.02 2 0.02 
Patiria miniata 
Pisaster giganteus 
Pymopodia heZianthoides 20 87.5 0.08 2 0.05 6 50.0 0.02 2 0.02 
Strongy Zocentrotus franciscanus 32 3 87.5 1.35 ?r 1.17 0 0.0 0.00 
Stye Za rnonterey ensis  13 62.5 0.05 5 0.07 4 37.5 0.02 2 0.02 
Tethya aurantia 15 50.0 0.06 5 0.09 18 50.0 0.08 2 0.14 
BROWN ALGAE 
Lanrinaria dentigera 
Nereocystis Zuetkeana 
Ptery gophora ca l i  f ~ r n i c a  
TOTAL STATIONS ( N )  
2 The surveys of  the  %-m quadra ts  have produced new information on t h e  
abundance of many o f  t h e  spec ies  quan t i f i ed  a t  permanent and random 30-m 2 
s t a t i o n s .  It is  now apparent  t h e  d ivers  a r e  missing some of t h e  smaller, 
younger, o r  more c r y p t i c  inve r t eb ra tes  and brown algae.  The mean coun"ts 
2 from the !4-m quadra ts  were h igher ,  sometimes by a f a c t o r  of  4 t o  1, f o r  
near ly  a l l  t h e  i n v e r t e b r a t e s  q u a n t i f i e d  a t  the  random 30-m2 and permanent 
2 60-m s t a t i o n s  i n  Diablo Cove, and f o r  m o s t  of t h e  i n v e r t e b r a t e s  quan t i f i ed  
a t  North Control s t a t i o n s  (Table 9 ) .  Another f a c t o r  t h a t  may inf luence  
t h e  mean counts  i s  t h e  t o t a l  a r e a  covered by t h e  d i f f e r e n t  types  of  survey: 
2 2 t h e  24, 30-m s t a t i o n s  i n  Diablo Cove covered an a r e a  of 720 m ; t h e  13 
2 Surveys of Diablo Cove permanent 60-m2 t r a n s e c t s  covered 780 m of  bottom; 
while t h e  32, k-m2 quadrats  surveyed i n  1975 i n  Diablo Cove covered only 
2 8 m . It i s  most l i k e l y  t h a t  both f a c t o r s  a r e  responsib le  f o r  t h e  wide 
discrepancy i n  means ( the  counting of animals a t  k-m2 quadra ts  usually 
missed a t  o t h e r  ty2e  s t a t ions , .  and t h e  small  sample a r e a  represented by 
L 
t h e  %-m quadra ts ) .  
Despite t h e  d i f fe rences  i n  t h e  d a t a ,  we f e e l  t h a t  each type of 
2 
s t a t i o n  f u l f i l l s  a  p a r t i c u l a r  funct ion;  t h e  permanent 60-m s t a t i o n s  by 
providing da ta  on seasonal f l u c t u a t i o n s  and showing t rends  i n  charges of  
2 
abundance a t  t h e s e  s e l e c t e d  study s i t e s ;  the  random 30-m s t a t i o n s  
y ie ld ing  da ta  on abundance througnout t h e  Cove and providing a good 
L 
comparison between nor th  and south ~ i a b l o  Cove; and t h e  k-n quadrats  by 
producing what may be t h e  most accura te  dens i ty  da ta  f o r  the, smal ler  and ' 
more c r y p t i c  inve r t eb ra tes .  I f  poss ib le  i n  1977 we w i l l  increase  t h e  
number of 2-m2 quadra ts  surveyed i n  o rde r  t o  b e t t e r  compare means of  
se lec ted  species  with those  derived from random 30-m2 s t a t i o n s .  
Subt ida l  Algae 
Methods 
We have attempted t o  descr ibe  t h e  sub t ida l  red  a lgae  ~ o ~ m u n i t i e s  i n  
Diablo Cove and our  North Control  i n  two ways. Divers conducting s t r a t i -  
f i e d  random s u b t i d a l  s t a t i o n s  made q u a l i t a t i v e  es t imat ions  of abundance 
of each spec ies  o f  red  a lgae  noted wi th in  t h e  30-mL survey area.  In 
add i t ion ,  a L-n2 sample of  non-calcareous red  a lgae  was c o l l e c t e d  a t  each 
s t a t i o n  when poss ib le .  The l o c a t i o n  of  t h e  L-m2 quadra t  wi th in  t h e  30-m 2 
survey a r e a  was s e l e c t e d  s o  a s  t o  b e s t  r ep resen t  t h e  area.  The c r i t e r i a  
f o r  s e l e c t i n g  t h e  b e s t  r ep resen ta t ive  k-m2 a r e a  included choosing (1) t h e  
L-m2 wi th  t h e  h ighes t  biomass of r e d  a lgae  and ( 2 )  t h e  L-m2 with t h e  
g r e a t e s t  r ed  a lgae  spec ies  d i v e r s i t y .  Methods used i n  processing the  a lgae  
samples remained cons i s t en t  with previous desc r ip t ions  (Gotshall  e t  a l .  
1974). 
We counted four  spec ies  of brown a lgae  and est imated t h e  abundance of  
s e v e r a l  o the r s  a t  each random and permanent s u b t i d a l  s t a t i o n  we occupied. 
On occasion, C y s t o s e i r a  osmundacea,  one of t h e  enumerated species ,  was s o  
abundant t h a t  counting was considered impossible. A t  those  s t a t i o n s  we 
made a q u a l i t a t i v e  es t imat ion  o f  i t s  abundance. 
Results  
Brown Algae. Pterygophora c a l i f o r n i c a  was t h e  numerically dominant 
species  a t  both t h e  random and permanent sub t ida l  s t a t i o n s  (Tables 10  and 
11) ; Laminaria d e n t i g s r a  ranked second followed by N e r e o c y s t i s  l u e t k e a n a  
L 
and C y s t o s e i r a  osmundacea. The mean count pe r  m of  each spec ies  f o r  Lle  
two types of  s t a t i o n s  a r e  no t  com;?arable. We can,  however, compare t h e  
da ta  obtained t h i s  year  with t h a t  of  l a s t  year  f o r  each type of survey. 
A t  t h e  random s t a t i o n s  i n  Diablo Cove t h e  counts of  Pterygophora and 
Laminaria increased s ix fo ld .  N e r e o c y s t i s  counts  a t  t h e  same s t a t i o n s  
increased almost threefold .  ~ h e s e  inc reases  were not  mirrored by $he 
counts i n  our  North Control  area.  There t h e  N e r e o c y s t i s  counts decreased 
th ree fo ld  and t h e  Laminaria and P t e r y g o p i ~ o r a  counts  d i d  n o t  appear t o  be 
-44- 
s u b s t a n t i a l l y  d i f f e r e n t .  N e r e o c y s t i s  d e n s i t i e s  decreased considerably a t  
our permanent Control s t a t i o n s  while Laminaria and Pterygophora d e n s i t i e s  
increased s l i g h t l y .  ~ e n s i t i e s  of t h e  l a t t e r  t h r e e  species  increased 
s l i g h t l y  a t  t h e  Diablo Cove pemanent  s t a t i o n s .  
L Red Algae. Twenty-nine %-m samples of  s u b t i d a l  r e d  a lgae  were taken 
a t  t h e  s t r a t i f i e d  random s u b t i d a l  s t a t i o n s  dwring t h e  1975 upwelling period;  
1 8  of t h e  samples were taken a t  snallov? s t a t i o n s  (3.1 - 7.6 m) , and 11 a t  
deeper s t a t i o n s  (7.7 - 17.1 m ) .  Th i r ty  spec ies  o r  complexes o f  r e d  a lgae  
were i d e n t i f i e d  from tile shallow s t a t i o n s  i n  Diablo Cove (Table 1 2 ) .  Eight  
species ,  however, could be considered a s  dominants s i n c e  t h e y  comprised 
2 
over 90% of t h e  mean dry weight p e r  k-m . The dominant r ed  a lgae  were 
( l i s t e d  i n  decreas ing mean weights) Hymenena s p . ,  Botryog lossum 
far lowianum,  G i q a r t i n a  e x a s p e r a t a ,  I r i d a e a  sp.,  O p u n t i e l l a  c a l i f o r n i c a ,  
Hymenena f l a b e l l i g e r a ,  14icrocladia  c o u l  t e r i  and P r i o n i t i s  l a n c e o l a t a  . 
Twenty-two species  of red  a lgae  were i d e n t i f i e d  from our  shallow North 
Control s t a t i o n s ;  four  of  these  comprised over 90% o f  t h e  mean dry weignt 
2 per  J/, m . They were Botryog lossum far lowianum,  G i g a r t i n a  e x a s p e r a t a ,  
Hymenena f l a b e l l i g e r a  and G i g a r t i n a  p a p i l l a t a .  The shallow s t a t i o n s  i n  
t h e  iqorth Control  had a l a r g e r  s tanding crop of  red a lgae  than d i d  those  
of  Diablo Cove. Tie mean dry weight of s u o t i d a l  r ed  a lgae  p e r  ~g-m2 of 
a l l  shallow s t a t i o n s  i n  Diablo Cove was 61.1 g (2 .2  oz)  compared wi th  a 
mean of 53.1 g (1.9 oz)  dur ing  t h e  1974 u;?welling period.  The North 
Control mean dry weight was 166.5 g (5.9 oz )  which compares favorably 
with the  1974 upwelling per iod  mean dry weight of 148.8 g (5.3 oz )  . Red 
algae was sparce  a t  t h e  deeper s t a t i o n s  i n  Diablo Cove. In t h e  North 
Control,  however, r ed  a lgae  a t  some random s t a t i o n s  extended t o  16.8 m 
(55 f t ) , a n d  the  dominant species  were Botryog lossum far lowianum,  Hymenena 
f l a b e l l i g e r a ,  O p u n t i e l l a  c a l i f o r n i c a ,  and Polyneura l a t i s s i m a .  
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 TABLE^^= Mean Weights (Dry Weight i n  Grams) and 'Percent Frequency of  Occurrence 
of S u b t i d a l  Red Algae a t  Shallow (425 f t )  andom Stat ions  - ~ i a b l o  Canyon 
Power P l a n t  S i t e  - June I. through August 31, 1975. 
Diablo Cove North Con t ro l  6 
Mean dt wt. Pe rcen t  Mean d r  wt. Percent  3 Y SPECIES (g) /la f r e q .  (21 / l a  freq.  
Bot~ogZosswn farZowimwn 10.9 40.0 82.7 100.0 
CaZZophy ZZis s p .  0.2 40.0 TI3 15.4 
CaZZophy ZZis fimnd TR 20.0 0.0 0.0 
CaZZophy ZZis f ZabeZZuZata 0.1 20.0 0.2 7.7 
CaZZophy ZZis pinnata 
CaZZophy ZZis obtusi fo  Zia 
CaZZophy ZZis vioZacea 
Cryptop Zeura s p  . 
Gigartina corymbifera 
Gigartina exasperata 
Gigartina papi Z Zata 
Hymenena s p .  
Hymenena fZabeZZigera 
Hymenena snrithii 
Iridaea comp Zex 
TABLE 1 2  (cant ) 
Diablo Cove North Cont ro l  
Mean d r  w t .  Percent  Mean d r y w t .  Percent  
SPECIES ( g )  /'a 5 f req . ( g )  / h 2  f r e q .  
Po Zyneuxa latissima 0.1 20.0 0.0 0.0 
Po Zysiphmia pmicuZata 0.2 20.0 0.0 0.0 
Po Zysiphmia paci fica TR 20 .O 0.0 0.0 
Prionitis aus t ra  Zfs 0.6 20.0 0.8 7.7 
Prionitis lanceolata 2.6 60.0 0.1 7.7 
Pterosiphonia graeiZis T R 20.0 0.0 0.0 
PseudogZiophZoea conf usa 0.4 20.0 0.0 0.0 
PtiZota densa 1.4 40.0 TR 15.4 
Pugetia fragi Zissima TR 20.0 0.0 0.0 
Rhodopti Zwn denswn 0.0 0.0 TR 15.4 
Rhodymenia ca l i f  ornica 0.3 20.0 T R 7.7 
Rhochjmenia paci fica TR 20.0 0.0 0.0 
Schizymenia paci fica 0.1 20.0 0.0 0.0 
UZva s p .  1.8 40.0 TR 7.7 
TOTALS 
MEAN BIOPiAS S 
NUMBER OF STATIONS 
Bull Kelp Census 
Methods 
The d i s t r i b u t i o n  of  b u l l  ke lp ,  ~ereocystis l ue t keana ,  wi th in  Diablo 
Cove was s o  extensive and dense t h i s  year  t h a t  no annual sho~re count of  
t h e  s u r f a c e  canopy was attempted. Ins tead ,  a t o t a l  populat ion es t imate  
was generated u t i l i z i n g  counts from 27 random and permanent s u b t i d a l  
s t a t i o n s  surveyqd between June and October 1975. Eight a d d i t i o n a l  
randomly s e l e c t e d  s t a t i o n s  were a l s o  surveyed f o r  b u l l  ke lp  t o  supplement 
t h e s e  data.  
Results  
The mean number of b u l l  ke lp  p e r  m2 and the  95% confidence i n t e r v a l  
from these  35 s t a t i o n s  was 2 .6  - + 0.87. Expanding from t h i s  mean, a t o t a l  
populat ion es t imate  of  336,700 p l a n t s  was made assuming Diablo Cove t o  
2 be  32 ac res  (129,500 m ) i n  a r e a  (Burge and Schultz  1973) and assuming 
uniform coverage of t h e  Cove by b u l l  kelp.  
Discussion 
Because t h i s  is a t o t a l  popula t ion  ( i . e .  s t and ing  crop) e s t ima te  
r a t h e r  than an es t imate  of mature p l a n t s  con2r is ing  a su r face  canopy, a 
comparison with e a r l i e r  surface  canopy censuses i s  d i f f i c u l t .  Last  
y e a r ' s  canopy count was s l i g h t l y  over l8,OOO p l a n t s .  However, a t o t a l  
populat ion es t imate  made by u t i l i z i n g  12 permanent and randorn s u b t i d a l  
s t a t i o n s  surveyed wit'nin t h e  same time frame (June-October 1974) was 
194,120 p l a n t s .  I f  t h i s  rough 1:10 r a t i o  (surface  census t o  populat ion 
es t imate)  is  appl ied  t o  the 1975 d a t a ,  t h e  su r face  canopy would have 
approxirr i tely 33,000 p l a n t s ,  o r  almost twice  t h e  1974 shore  count f i g u r e  
f o r  b u l l  kelp.  
Most o f  these  p l a n t s  were removed by t h e  winter  seas ,  b u t  a high 
number of t h e n  survived i n t o  Jlarcn. Because t h e  canopy w a s  g r e a t l y  
thinned, w e  performed a shore census i n  l a t e  March t o  determine t h e  over- 
winter  su rv iva l  r a t e .  Our march count showed t h a t  approximately 5,800 of 
t h e  1975 Diablo Cove Nereocyst is  p l a n t  populat ion survived t h e  winter .  
Assuming our peak canopy es t imate  of 33,000 p l a n t s  is accura te ,  then about 
18% of t h e  p p u l a t i o n  survived t o  the  beginning of this spr ing .  This i s  
a very high percentage, a s  p e v i o u s  s t u d i e s  (Foreman 1970; Ear l  Ebert ,  
Ca l i f .  Dept. F i sh  and Game, Pers. Commun.) i n d i c a t e  t h a t  from 1 t o  5% of  
/ 
a l l  f i r s t  yea r  Nereocyst is  p l a n t s  su rv ive  winter  storms. Tnis su rv iva l  
r a t e ,  coupled with a reproduction r a t e  t n a t  has near ly  doubled t h e  annual 
numbers during each of  t h e  l a s t  3 years ,  i n d i c a t e  extremely favorable  
growing condi t ions  f o r  b u l l  ke lp  i n  Diablo Cove. 
Another s e r i e s  of high seas  i n  l a t e  March f u r t h e r  thinned t h e  1975 
b u l l  ke3.p populat ion wi th in  Diablo Cove by an est imated 80%. Following 
t h e  storms, most of t h e  up2er i n t e r t i d a l  region o f  t h e  southern por t ion  
of  Diablo Cove was covered by mats of tangled  b u l l  kelp s t i p e s .  
Diver Observed Fishes 
Methods 
Divers recorded a l l  f i s h e s  observed a t  permanent and random s t a t i o n s ;  
abundance es t imates  were a l s o  made. De ta i l s  of  t h e s e  methods have been 
reported i n  our  previous annual r epor t s  (Gotshall  e t  a l .  1974, 1976). 
Results  
Divers observed an average o f  6 spec ies  of  f i s h e s  a t  Diablo Cove 
and North Control random s t a t i o n s  ( T a ~ l e  1 3 ) .  O f  t h e  28 species  recorded 
a t  t h e  random s t a t i o n s ,  t h e  t h r e e  most f requent ly  observed were: b l u e  
rockf isn ,  Sebas tes  mystinus; s t r i p e d  surfperch ,  Embfotoca l a t e r a l i s ;  and 
pain ted  greenling,  Oxylebius p i c t u s .  These same t h r e e  spec ies  were a l s o  
t h e  most f requent ly  encountered f i s h e s  a t  ~ i a o 1 0  Cove permanent s t a t i o n s  
(Table 1 4 ) .  However, a t  t h e  t h r e e  permanent Control S t a t i o n s  b lack and 

TABLE 13. ( cont . )  
Diablo Cove North Control 
SPECIES Depth range: 1 . 8  - 7.6 m 7.9 - 18.3  m Combined 1.8 - 7.6 m 7.9 - 18.3 m Combined 
EMBIOTOCIDAE (cont.)  
hnbiotoca jackaoni 12.5 0.0 8.3 6.7 , 0.0 4.2 
Bmbiotoca lateraZi8 93.8 75.0 87.5 66.7 33.3 54.2' 
H~psurus c q i  6.2 12.5 8.3 6.7 0.0 4.2  
GOBIIDAE 
Cozyphopterus nicholaii 
HEXAGWDAE 
H e x a g ~ m o s  decagranunua 
OphioJon elongatus 
0xyZeLius p io tw  
LABRIDAE 
03cy ju l is  californica 
- EIPARIDAE 
Liparia spp. 
SCORPAENIDAE 
Sebus tea carnutus 
Seban tea chqsomelas 
Sebas tes  me lanope 
TABLE 13, (cont.) 
SPECIES 
Diablo Cove North Control 
Depth ranger 1 .8  w 7.6 m 7.9 - 1 8 . 3  m Combined 1 . 8  - 7.6 m 7.9  - 18.3 rn Combined 
SCORPAENIDAE (cont .) 
Sebastes mystinus ( juveniles)  
(adults) 
Scbmtes paucispinis 
Sebastes sermnoides 
STICHAEIDAE 
Chirolophis nugator 
NlTMDER OF STATIONS 
MEAN NUMBER OF SPECIES PER STATION 
TABLE 14. Frequency o f  Occurrence o f  Diver Observed F i s h e s  a t  Permanent S u b t i d a l  S t a t i o q a  r, D i a b l ~  Coy@ r D l s b & ~  C S ~ ~ Q R  Pwer V$@R$ r 
July  1, 1975 through June 30, 1976. 
S ta t ion :  9 1 0  11 12  1 6  
Depth (m) 7.6 9.2 - 10.7 13.7 - 16.8 21.4 3.0 P e r c e n t  1974-75* 
SPECIES Sum. F a l l  Win. Sum. F a l l  Win. Sum. F a l l  Win, Sum. P a l l  Win. Sum, F a l l  Win. Preq. fgeq, p e r c e n t  
f r e q ,  
\ ,  7 a  
BOTHIDAO 
Citharich t h p  spp. - - - - - - - - - - .. - x - - 1 7.7 0.0 
CEBI1)ICIlTHYIDAE 
Cebidichthys uiotaceua - x - - - - - 
CLINIDAE 
Gibbon~ia spp. 
COTTIDAE 
Artedi~m corallinue 
Artedius spp. 
~ordrazi a zmope 
Orthonopias t r i ac ia  
Scorpaenichthys mamoratue x x - - - - - 
EMBIOTOCIDAE 
Dmalichthye vacca - x - - - - - 
Sum. a Summer x observed at s t a t i o n  
Win. Winter - n o t  observed a t  s t a t i o n  
* = 13 s t a t i o n s  surveyed 
TABLE 14. ( cont . )  
SPECIES 
Stat ion:  9 10 11 12 16 
Depth(m) 7.6 9.2 - 10.7 13 .7  - 16 .8  21.4 3.0 Percent 1974-75* 
Sum. F a l l  Win. Sum. F a l l  Win. Sum. F a l l  Win. Sum. F a l l  Win. Sum. F a l l  Win. Freq. freq.  Percent 
- - - Embio toca t a t e m l i e  x x x - x x - x - x x x 
GASTEROSTEIDAE 
GOB I IDAE 
Coryplzopterus nicholsii  - x - - - x x - x x x x - - - 
Oxy leb ius p i c t w  x x x - - - x x x x - x x - - 
LABRIDAE 
Sebastee atrovirens . x x - - - - - - - - - x x 
Sum, = Summer x observed a t  s t a t i o n  
- not  observed a t  s t a t i o n  Win. = Winter 
* Btations surveyed 
Station8 , 9 10 11 12 16 
Depth (m) 7.6 9.2 - 10,7 13.7 - 16.8 21.4 3.0 percent 1974-75* 
Sum. Fall Win. Sum. Fall Win. Sum, Fall Win. Sum. Pall Win. Sum. Fall Win. Freq. freq. Percent 
SCORPAENIDAE (cont . ) 
Sebastes carnatlls 
Sebau t e s  chr~sornekzs 
Sebastee metanop~l 
Sebas t e s  miniatus 
Sebastcs mystinus (Juveniles) 
(Adults) 
Sebaa t e s  pinniger 
Sebas t e s  ras t r e  Lliger - - - - - - - - - - - - - - - 0 0.0 15.4 
Sebaa t e s  serranoides - - - - - - - - - - - - - - - 0 0.0 23.1 
Sum. = Summer r = observed at station 
Win. Winter - I not  observed at station 
* - 13 stations surveyed 
yellow rockf ish ,  Sebastes chrysomelas; blue rockf ish;  ke lp  greenl ing  
Hexagrammos decagrammus; and blackeye gobies,  Coryphopterus ,nicholsii, 
were t n e  most f requent ly  observed f i s h e s  (Table 1 5 ) .  A t o t a l  of 30 
spec ies  was observed a t  permanent s t a t i o n s  i n  Diablo Cove and 27 s p e c k s  
a t  permanent Control S ta t ions .  
As with  t h e  i n v e r t e b r a t e  da ta ,  t h e  random s t a t i o n  observations on 
f i s h e s  are probably more rep resen ta t ive  of  t h e  d i s t r i b u t i o n  and species  
composition than a r e  those of t h e  permanent s t a t i o n s .  
INTERTTDAL SURVEYS 
Random S t a t i o n s  
Methods 
The sampling program f o r  i n t e r t i d a l  a lgae  and inver t eb ra tes  remains 
cons i s t en t  with desc r ip t ions  i n  previous r e p o r t s  (Gotshall  e t  a l .  1974, 
- 2 
1976) . Br ie f ly  r e i t e r a t e d ,  %-m samples o f  non-calcareous f o l i o s e  and 
filamentous algae a r e  co l l ec ted  f o r  labora tory  drying t o  water-free 
condit ion and quan t i f i ed  (weighed) by species  ; calcareous a lgae  (only t h e  
a r t i c u l a t e d  c o r a l l i n e s  a s  a group) and Phyllospadix spp.,  a flowering 
su r fg rass ,  a r e  l e f t  i n  p lace  and a r e  q u a n t i f i e d  by percentage cover 
es t imat ion;  l a r g e  brown s t i p i t a t e  algae a r e  counted. Within each quadrat  
a l l  noncryptic  inve r t eb ra tes  l a r g e r  than 10-min (3.4 i n )  a r e  i d e n t i f i e d  
and counted, and se lec ted  inver t eb ra tes  a r e  measured t o  t h e  nea res t  mi l l imeter .  
Abalone dens i ty  es t imates  a r e  derived from counts made one meter t o  e i t h e r  
s i d e  of our p a r a l l e l  and perpendicular  t r a n s e c t  l i n e s .  
O u r  i n i t i a l  sampling design included,  f o r  purposes of subsequent 
analysis, a d iv i s ion  of  the  i n t e r t i d a l  a reas  sampled i n t o  two s t r a t a  o r  
zones. Zone "A", 1 m and h igher ,  was not  considered i n  our sampling p lan .  
Zone "B" cons is ted  of t h e  a r e a  from 0.0 m, mean low low water (MLLW) , t o  
+1.0 m. Zone "C" consis ted  o f  t h e  a rea  below !GLW a v a i l a b l e  f o r  sampling 
TABLE 15. Frequency of Occurrence of Diver Observed Fishes at Permanent Subtidal Station@-- Control Areaa - Dtabla Canyon Power Plans S$.te - 
July 1, 1975 through .rune 30, 1976. 
Station: 6 7 15 d 
Depth (m) 6 . 1  - 9.2 7 . 6  - 10.7 Percent 1974-75 
Sum. Fall Win. Sum. Fall Win. 6um. l 2  Ireq. tpq. Percept SPECIES 
- 
freq. 
-C 
ANARHICHADLDAE 
Anarrhichthys ocs ZZatutr x - x - - - - - - 2 22.2 0.0 
BATLIMASTERIDAE 
Rathbune ZZa hypoptecta 
CLINIDAE 
Gibbonsia spp. 
COTTIDAE 
Artedius coraZZinoua 
Artediuo spp. 
Orthonopias tr4acia 
Dmalich thy8 vacca 
Emhiotoca jackeoni 
Embiotoca Zateralis 
S = Summer 
F -. Fall 
W = Winter 
* 1 8 stations surveyed 
TABLE 15. (cant.) 
Station: 6 7 15 
Dep th(m) 6.1 - 9.2 7.6 - 10.7 6.1 - 15.2 Percent 1974-75* 
Sum. Fall Win. Sum. Fall Win. sum. Fall Win. Preq. freq. Percent 
freq. 
GASTEROSTEIDAE 
GOBIIDAE 
Coryphopterus nicho kii x x x x - - x x - 6 66.7 62.5 
Hexagramnos decagrammue 
Ophiodon eZongatus 
Occylebius pictua 
LABRLDAE 
Oxyjulio caZifornica 
Pime lorzetopon pulchrwn 
SCORPAENIDAE 
Sebas tes atrovirens 
Seba6 tea carnatus 
Seba~tee  chrysome Em 
Sebastes melanope 
S - Suuimer 
F - Fall 
W - Winter 
* 8 atatione surveyed 
Stationr 6 7 15 
Depth (m) 6 .1 - 9 . 2  6 - 10.7 6 . 1  - 15.2 * .  
Percent 1974-75 
. SPECIES Sum. Fall Win. Svm. Fall  Win, Sum. Fal l  Win. Freq. freq. Percent 
freq.  
SCOKPAENIDAE (cont . ) 
Sebastes miniatus - - - - - - - x - 1 11.1 0 .0  
Sebaa t e s  mgstinus juvenf l e s  x x - x x - x x - 6 66.7 75.0 
adults x x x x x x 6 66.7 75.0 
Sebastee raetreZtiger - - - x - - - - 1 .  111.1 0 .0  - 
Sebastes serrmoides - - - X - - X - X 3 33.3 37.5 
SCYLIORHINIDAE 
Cephatoecy ZZim ventrioswn - - 1 11.1 0 .0  
S = Summer 
P - Fall 
W - Winter 
* - 8 stations surveyed 
during minus t i d e s .  This d iv i s ion  was made because MLLW i s  a rough upper 
boundary f o r  many shallow s u b t i d a l  a l g a l  and i n v e r t e b r a t e  spec ies  and a 
lower boundary f o r  many i n t e r t i d a l  species .  Unfortunately, sampling 
e f f o r t  i n  t h e  two zones from one oceanographic pe r iod  t o  t h e  next was a o t  
equal  i n  some cases,  r e s u l t i n g  i n  a very s m a l l  sample s i z e  i n  one o r  t h e  
o t h e r  o f  t h e  zones. A s  a r e s u l t ,  da ta  c o l l a t i o n  by zones wasn't  p r a c t i c a l  
i n  many cases and most of t h e  da ta  presented  he re  is  based on information 
from combined zones. 
Results  
Inver tebra tes .  We conducted 61 random s t a t i o n  surveys during the  
per iod  covered by t h i s  r e p o r t  ( ~ u l y  1975 through Juhe 1976) . Forty-one 
of h e s e  surveys were loca ted  i n  t h e  t h r e e  study a r e a s  o f  Diablo Cove 
and 20 i n  the North Control a rea .  Our e f f o r t  was divided i n t o  two time 
frames corresponding t o  t h e  two major oceanographic seasons a f f e c t i n g  
t h e  c e n t r a l  ~ a l i f o r n i a  coastli .ne. Th i r ty  s t a t i o n s  were surveyed dur ing 
t h e  1975-76 Davidson oceanographic season and 31 dur ing the  1976 upwelling 
season. A t o t a l  of 241, k-m2 quadrats  was completed on t h e  t i1  random 
s t a t i o n  surveys (4 quadrats  p e r  s t a t i o n ) .  
We have i d e n t i f i e d  more than 110 i n v e r t e b r a t e  species  cbr species  
L 
complexes from t h e  k-m quadrats  surveyed t o  date.  Of t h e s e ,  approxi- 
mately h a l f  were considered quan t i f i ab le .  The c r i t e r i a  used t o  determine 
whether a species i s  q u a n t i f i a b l e  remain cons i s t en t  with previous 
desc r ip t ions  (Gotshall e t  a l .  1976). Twenty of t h e  q u a n t i f i a b l e  spec ies  , 
occurred with minim~q s u f f i c i e n t  frequency (25% of quadrats  per  study 
a r e a  and p e r  season) t o  be considered "dominant" and merit  d iscuss ion 
i n  this repor t  (Tables 16  through 1 9 ) .  The uncommon and smal ler  spec ies  
w i l l  be t r e a t e d  s t a t i s t i c a l l y  i n  t h e  f i n a l  pre-operat ional  r e s o r t .  
AS mentioned, zones "B" and "C" have Deen sam2led unequally. Because 
of  t h i s ,  s t a t i s t i c a l  comparisons by zone from one oceanographic season 
TABLE 16. Mean pe r  One Quarter  Square Meter w i th  95% Confidence I n t e r v a l s  
and Percent  Frequencies  of Occurrence of ÿÿ om in ant" I n v e r t e b r a t e s  
by Oceanographic Per iods  - Combined Zones "B" and "C" - North 
Control  - Diablo Canyon Power P l a n t  S i t e  - November 1975 
through June 30, 1976. 
Davidson Period Upwelling Period 
SPECIES 1975-76 (N=40) 1976 (K=39) 
~ e a n / k m ~  Percent  f req .  ~ e a n / ~ i ; m ~  Percent  f req. 
Epiactis pro Z i  fera 3-43 + 1.40 9 0 1.38 2 1.00 41  
MOLLUSCA 
Acmaeidae 0.23 2 0.17 18 
Fissure Z Za vo Zcano 0.78 2 0.61 3 0 
ITeguZn bmnnea 6.65 2 4.48 7 3 
ARTHROPODA 
Pagurus spp. 
Pugettia graciZis 
Pugettia producta 
ECHINODERMATA 
He&cia ZeviuscuZa 
LeptasteKas spp . 
TABLE 17 ,  Mean p e r  One Q u a r t e r  Square  Meter w i t h  95% Confjl-dence I n t e r v a l s  
and P e r c e n t  F r e q u e n c i e s  o f  Occurrence o f  "Dominant" I n v e r t e b r a t e s  
b y  Oceanographic P e r i o d s  - Combined Zones "B" and "C" - Southern  
P o r t i o n  o f  D i a b l o  Cove - D i a b l o  Canyon Power P l a n t  S i t e  - 
November 1, 1975 th rough  J u l y  30,  1976. 
Davidson P e r i o d  Upwel l ing P e r i o d  
1975-76 (N=32) 1976 (N=36) 
SPECIES ~ e a n l h ~  P e r c e n t  f r e q .  FIean/'?pl2 P e r c e n t  f r e q .  
COELENTERATA 
Epiactis pro ZCfera 
MOLLUSCA 
Acmaeidae 
Fissure ZZa voZcano 
l'egula brzrnnea 
ARTHROP ODA 
Pagurus spp.  
Pugettia graeiZis 
Pugettia producta 
Leptasterias s p p .  
TABLE18. Mean pe r  One Quar te r  Square Meter w i t h  95% Confidence I n t e r v a l s  
and Pe rcen t  Frequencies  of  Occurrence of "Dominantf' I n v e r t e b r a t e s  
by Oceanographic Pe r iods  - Combined Zones "3" and "C" - Northern 
P o r t i o n  of  Diablo Cove - Diablo Canyon Power P l a n t  S i t e  - 
November 1, 1975 through June 30, 1976. 
Davidson Per iod  Upwelling Per iod  
1975-76 (N-35)  1976 ( N = 3 6 )  
SPECIES Mean /b2  Percent  f r e q .  ~ e a n / b n 2  Percent  f r e q .  
COELENTERATA 
Epiactis pro Lifer2 1.26 + 0.57 5 7 1.00 2 0.50 5 3 
MOLLUS CA 
Acmaeidae 
Fissure 2. la vo Zcmo 1.94 2 0.82 5 7 0.47 t 0.35 2 2 
ARTHROPODA 
p a w ,  SPP. 
Pugettia graciZis 0.03 2 0.06 3 0.55 2 0.34 36 
Pugettia producta 0.71 2 0.32 4 6 0.92 2 0.47 44 
ECHINODERMATA 
Leptasterias spp. 1.60 t 1.16 4 6 0.97 r 0.42 5 3 
TABLE 1 9 ,  Mean p e r  One Q u a r t e r  Square  Meter  w i t h  95% Confidence I n t e r v a l s  
a n d . ? e r c e n t  F r e q u e n c i e s  o f  Occurrence o f  "Domir~ant" I n v e r t e b r a t e s  
by Oceanographic P e r i o d s  - Combined Zones "B" and "c" - Diab lo  
P o i n t  - D i a b l o  Canyon Power P l a n t  S i t e  - November 1, 1975 t h r o u g h  
J u n e  30, 1976.  
Davidson P e r i o d  Upwelling P e r i o d  
19  75-76 (N=12) 1976 (N=ll )  
SPECIES ~ean/)$m~ Per c e n t  f r e q .  ~ean/'mZ P e r c e n t  f r e q .  
Corynactis caZifomica 
Epiactis pro Z i  fera 
Acmaeidae 
CaZ Ziostoma Zigatwn 
hTaZiotis cracherodii 
My ti Zus caZi fornianus 
l'egu2.a b m n e a  
Tonice ZZa Zineata 
ARTHROPODA 
BaZanus spp. 
Cmcer an-tenna~us 
Pagurus spp.  
PugettZa producta 
ECHINODERMATA 
Henricia Zeviuscu Za 
Pisaster ochraceus 
t o  the next  is  d i f f i c u l t .  We w i l l ,  t he re fo re ,  d iscuss  i n v e r t e b r a t e  densi- 
t ies using combined zones. A l a r g e r  d a t a  base and access t o  computer 
f a c i l i t i e s  should enable us t o  analyze our  da ta  by zone i n  t h e  f i n a l  pre- 
opera t iona l  repor t .  
Of t h e  25 "dominant" inve r t eb ra tes  l i s t e d  i n  our  1975 annual r e p o r t ,  
f i v e  were considered a s  c h a r a c t e r i s t i c  of t h e  l o c a l  i n t e r t i d a l  region. 
The same species ,  T e g u l a  orunnea ,  E p i a c t i s  p r o l i f e r a ,  H e n r i c i a  l e v i u s c u l a ,  
L e p t a s t e r i a s  spp. and P u g e t t i a  p r o d u c t a ,  were a l s o  t h e  numerically 
dominant inve r t eb ra tes  f o r  1976. 
The mean number of Tegu la  brunnea p e r  m2 from t h e  Diahlo Po in t  a r e a  
remained comparatively unchanged during t h e  1975-76 Davidson and 1976 
upwelling season when compared with the  corresponding p r i o r  oceanographic 
season - /-5.67 compared with 5.38 f o r  Davidson 1974-1975 and 2.27 com2ared 
with 2.56 f o r  t h e  1975 upwelling season, r e spec t ive ly   a able 1927. This 
r e l a t i v e  s t a b i l i t y  i n  mean pe r  m2 f o r  Diablo Point  i n v e r t e b r a t e s  when 
compared by oceanographic season holds f o r  t h r e e  of t h e  o t h e r  four  
" c h a r a c t e r i s t i c "  spec ies  a s  well.  E p i a c t i s  p r o l i f e r a  had a ca lcu la ted  
L 
mean p e r  rn of 0.73 during ~e 1976 upwelling season compared with 0.75 
f o r  the same season i n  1975. The upwzlling mzan/m2 f o r  H e n r i c i a  
l e v i u s c u l a  i n  1976 was 0.54 compared with a 0.56 value i n  1975. P u g e t t i a  
producta  had a mean/m2 of 0.50 during t h e  Davidson 1974-1975 season 
compared with 0.58 f o r  t h e  1975-1976 Davidson season. The upv~el l ing  1975 
mean/m2 f o r  P u g e t t i a  was 0.88 compared with a mean of 1.09 per  m2 f o r  t h e  
2 1976 u2welling season. Tile mean/m f o r  L e p t a s t e r i a s  spp., however, showed 
the v a r i a b i l i t y  we have come t o  expect i n  inver t eb ra te  numbers from o t h e r  
study a reas  (1.50 vs 0.94 f o r  t h e  Davidson 1975-76 vs 74-75 and 0,82 vs 
1.44 f o r  t h e  upwelling 1976 vs 1975) . 
In t h e  o t h e r  s tudy a r e a s ,  most of t h e  q u a n t i f i e d  species ,  inc luding 
the  f i v e  spec ies  earmarked a s  " c h a r a c t e r i s t i c , "  showed l a r g e  v a r i a t i o n  
in t h e i r  means from one oceanographic season t o  t h e  next  (Tables 16 
through 18). The most notable  exception i s  t h e  r e l a t i v e  s t a b i l i t y  o f  t h e  
2 
mean/m f o r  L e p t a s t e r i a s  ssp.  In t h e  southern p o r t i o n  o f  Diablo Cove 
(SXI) t h e  1975 Upwelling mean/m2 f o r  t h i s  spec ies  complex was 2.19 
2 
compared wi th  a 1976 value of 2.14. The mean/m , altnough smal ler ,  i n  
t h e  nor thern  por t ion  of  Diablo Cove ( N D C I )  a l s o  snowed l i t t l e  v a r i a t i o n  
between upwelling per iods  (0.94 i n  1975 vs 0.97 i n  1976). The North 
Control f i g u r e s  a l s o  r e f l e c t e d  t h i s  r e l a t i v e  s t a b i l i t y  i n  upwelling 
2 
mean/m f o r  L e p t a s t e r i a s  sp?. (0.67 vs 0.85) . 
As add i t iona l  seasons a r e  sampled and sample s i z e  remains i n  excess 
o f  30 quadra ts  per  s tudy a rea  pe r  season, we hope t h e  v a r i a b i l i t y  i n  
counts w i l l  s t a b i l i z e  enough t o  al low comparisons o f  d e n s i t i e s  of  t h e  
o t h e r  inve r t eb ra tes ,  ( u t i l i z i n g  power p l a n t  p reopera t iona l  and 
opera t ional  da ta .  
Non-Calcareous Algae ("Soft"  Fol iose  and Filamentous Red and Green 
Algae). F7hen t h e  da ta  a r e  examined by oceanographic pe r iod  (no sampling 
is  performed during t h e  s h o r t e r  Oceanic P e r i o d ) ,  t h e  t rends  i n  productiv- 
i t y  de tec ted  during o u r  f i r s t  t h r e e  seasons of  s tudy (Gotshall  e t  a l .  
1976) p e r s i s t .  Average biomass values from a l l  s tudy a reas  genera l ly  
appeared t o  be considerably h igher  during t h e  upwelling per iod  than 
during t h e   avids son ger iod  (Table 20) .  These h igher  values r e f l e c t  the  
b e t t e r  growing condit ions o f  the  s p r i n g  and summer months: optimum water  
temperatures, longer per iods  of  l i g h t ,  poss ib ly  more avail i ible n u t r i e n t s  
from t h e  upwelling process ,  and fewer d e s t r u c t i v e  storm-produced waves. 
This seasonal  f l u c t u a t i o n  o f  a l g a l  biomass is more obvious when presented 
graphica l ly  (Figure 4 ) .  In  a l l  study a reas  excepk Diablo Point  (where 
sample s i z e  is  lower due t o  fewer s t a t i o n s ,  and which is  an  exposed 
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FIGURE 4. Mean Biomass wi th  95% Confidence I n t e r v a l s  f o r  Non-Calcareous 
Red and Green Algae - .Diablo  Canyon Power P lan t  S i t e .  
headlands type of hab i t a t )  the  biomass values from one season t o  the  next 
appear t o  be subs tan t ia l ly  d i f fe ren t .  Values from s imi l a r  seasons appear 
t o  nearly repeat  from one year t o  t h e  next. This seems t o  be especial ly  
- true of biomass estimates s ince t he  1974-75 Davidson period when sample 
s i z e  increased a t  the th ree  study areas i n  question. 
To date ,  we have i den t i f i ed  i n  excess of 70 species o f  algae taken 
in our %-m2 samples. Of these ,  only 25 species have occurred during t h i s  
0 
sampling period with a frequency grea t  enough, 25% o r  g rea te r ,  t o  be 
considered "dominant" forms (Tables 21-24). Of these dominant species,  
only 7 t o  18 of them occurred a t  any one area during any one oceanographic 
period t o  form, with one exception, a g rea te r  than 90% share of t he  t o t a l  
biomass . 
, I n  th ree  of the  study areas,  North Diablo Cove, South Diablo Cove, 
and North Control, four of the  dominant forms composed a t  l e a s t  60% of 
- 
the  t o t a l  biomass. These were, i n  approximate order  of dominance: 
- I r i d a e a  complex ( I .  c o r d a t a  var. s p l e n d e n s  and I. f l a c c i d a )  , P r i o n i t i s  
l a n c e o l a t a ,  G a s t r o c l o n i  urn c o u l t e r i  and G i g a r t i n a  c a n a l i c u l a t a .  A t  the  
Diablo Point study area,  t he  dominance of Gas t roc lon ium and G. 
c a n a l i c u l a  t a  was replaced by E r y t h r o p n y l l u m  d e l  e s s e r i o i  d e s  and G i g a r t i n a  
e x a s p e r a t a  (= G .  C a l i f o r n i c a ) .  Tkese s i x  species,  then, form the  comer- 
stone of the  s o f t  a lga l  biomass i n  the  study areas i n  the  -0.3 m t o  i-0.9 m 
t i d a l  range. Since f ive  of the  s i x  species have geographic ranges extending 
from the  cold, temperate waters of the  Washington t o  Alaska region t o  the  
warm, subtropical  waters of Baja California,  it w i l l  be i n t e r e s t i ng  t o  watch 
how they respond t o  the widely varying regime within Diablo Cove caused by 
a wandering thermal plume of discharged cooling water. Only one of the  s i x  
species, E r y t h r o p h y l l u m ,  has a s t r i c t l y  temperate range; i t s  southern-most 
d i s t r ibu t ion  i s  reported as  Shell  aeach. 
TABLE 21.  Biomase of I n t e r t i d a l  S o f t  Red gnd Green Alsaet Meana pe r  One-Quarter Square Meter w i t h  95% Confidence I n t e r v a l s  ( In  Grams 
Dry Weight),Percent F r e q u e ~ c i e s  of 0 c c u r r e n c e . a ~ d  Percent  Composition i n  T o t a l  Biomass of Dominant Speciea by Oceanographic 
Period.  Combined Zones "B" and "C': North Diahlo Cove. Diablo  Canyon Power P l a n t  S i t e .  May 1, 1975 through February 29, 
1976. 
Upwelling Period 1975 (N-36) Davidson Per iod  1975-1976 (N=34) 
Species  Mean dry w t .  Percent  f req.  Percent  composit ion Mean d r y  w t .  Pe rcen t  f r e q .  Pe rcen t  composit ion 
(g) /km2 of occurrence in t o t a l  mean w t .  ( r ~ ) k m ~  of occurrence i n  t o t a l  mean wt. 
REDS 
-
Cal lithanmion pikeanwn N.D. - - 0.1 t 0 .1  35 .3  0.2 
CaZZophy ZZie spp. N.D.  - - 0.2 t 0.2 32 .4  0.5 
Gigartina canaZiculata 10.6 ?: 5.1 66.7 12.5 9 . 3  t 3.6 85.3 22.4 
i Gigartina exasperata N.D. - - 2.9. 2 2.9 38.2 7.0 
Gigartina papi Zlata N.D. - 
Hymenena epp. 0.6 t 0.2 33.3  
Iridaea complex 44.4 f 24.2 75.0 52.3 11.9 t 6.4 97.1 28.6 
Iridaea heterncarptun 0.7 t 0.4 . 
Laurencia spectabi l i e  0.6 * 0.6 
TABLE 21 .  ( ~ 0 n t . I  
Species  
Upwelling Per iod  1975 (N-36) Davideon Per iod  1975-1976 (Nw34) 
Meen dry w t .  Pe rcen t  freq. Percen t    om position Mean d r  w t .  Pe rcen t  f r eq .  Pe rcen t  compoeition 
(g) /b2 of  occurrence i n  t o t a l  mean w t .  ( g ) b  3 of occurrence i n  t o t a l  mean wt.' 
Rhodoglosswn parvwn N.D. - - 0.6 + 0.4 76.5 ' 1.4 
Schizymenia pad  f i c a  N . D .  - - 0.1 i: 0.2 2 9 . 4  0.2 
GREENS 
Derbesia marina N.D. - - TR 26.5 TR 
Ulva s p p .  N.D. - - 0.5 i: 0.06 38.2 1.2 
TOTAL MEAN GRAMS 
Dominant Algae 
A l l  Algae 
PERCENT COMPOSITION 
OF TOTAL BIOMASS 
BY DOMINANT ALGAE 
N.D.  = Not dominant 
TR = Trace 
( N )  - Sample size 
Ir idaea complex inc ludes  I. cordata var .  splendens and I. fZaccida 
TABLE 22. Biomass of I n t e r t i d a l  Sof t  Red and Green Algae: Means pe r  One q u a r t e r  Square Meter with 95% Corlfidence Infervale (In Grqms 
Dry Weight), Percent  Frequencies o f  Occurrence, and Percen t  Composition in T o t a l  Biomass o f  Romfqant Speaies by ~ c e a n o g r a p h i ~  
Period. Combined Zones "B" and "C" : South Diablo Cove, D i a b l o  Canyon Power P l a q t  S i t e .  May 1, 1975 through February 29, 
1976. 
Species 
Upwelling Period 1975 (N=35) Davidaon Per iod  1975-1976 (Nn3O) 
Mean d r y  wt. Percent f r eq .  Pe rcen t  composit ion Mean d r y  w t .  Percen t  f r eq .  Pe rcen t  c o m p o s i ~ i ~ ~  
(g) /b2 of occurrence i n  t o t a l  mean wt. (g) /b2 of occurrence i n  t o t a l  mean w t ,  
REDS 
7. 
Cmjptoptewla spp. 0.1 Q 0.2 25.7 0.2 TR 40.0 TR 
Gas trocloniwn couZterYi 22.7 2 10.2 74.3 33.6 6.2 f 3 . 8  53.3 33.5 
Oigartina canaZicuZata 4.6 f 3 . 1  57.1 6.8 0.9 f 0.9 50.0 4.9 
Oigartina papillata 5.1 t 4.2 54.3 7.6 N.D. - - 
Ha losaccion gZandi forme 0.3 t 0.5  31.4 0.4 N.D. - - 
Iridaea complex 2.4 f 1.5  54.3 3.6 0.1 r 0.1 46.7 0.5 
Iriduea heterocaqmm 0.5 2 0.4 34.3 
Laurencia epectabtis 0.3 2 0.4 25.7 
MicrocZadia coutteri  2.7 k 1.1 80.0 
Priorzitis ZanceoZata 22.5 f 5.1 77.1 
RhodogZot~swn spp . 1.7 2 2 . 1  25.7 
Rhodome la l a r i x  9.G 2 8.6 ,25 .7  
N.D. . 
N.D. - 
0.3 2 0.4 60.0 
10.5 2 5.6 93.3 
0 .1  2 0.1 50.0 
N.D. - 
7-4 -45 
4 Y d H  
F 3  x 
W O O  ; C&HQ 
W h *  & O m  
I 
TABLE 21. Biomass of P n t e r t i d a l  S o f t  Red and Green Algae; PIsanr p e r  Oqe Quar te r  Square Meter w i t h  95% Confidence I n t e r v a l s  (In G r a m s  Dry I 
Weight), Pe rcen t  Frequencies of O c ~ u r r e n c e ~ a n d  Fercen t  Composition i n  T o t a l  Biomass o f  Dominant Spec ies  by Oceanographic Period.  
Combined Zones "B" and "C": Diablo Point. Diablo Canyon Power P l a n t  S i t e .  May 1, 1975 through February 29, 1976. 
Species  
Upwelling Period 1975 (Nu161 Davidson Per iod  1975-1976 (N-12) 
Mean dry w t .  Percent  f r eq .  Pe rcen t  composit ion Mean d ry  w t .  Percen t  f r eq .  Percent  composit ion 
(g) /b2 of occurrence i n  t o t a l  mean w t .  (PI /b2 of occurrence i n  total mean w t .  
REDS 
-
Ca 2 l i thamion pikeanurn 0.7 + 1.1 3 1 . 3  
CaZlophyllis spp. N.D. 
CryptopZeura ZobuZifera 
Cryptop Zerula spp. 
Eryt-hraphy 2 turn 
de lesserioides 
Ciigartina emsperata 
i Gigartina papizlata 
Hymenena spp .  
Iridaea complex 
MicrocZadia borealis 
MicrocZadia couZteri 
13.9 r 9.6 
23.5 9 21.0 
N.D. 
1 .8  t 2.0 
60.6 2 44.4 
8.6 + 14.2 
7.4 + 4.4 
N.D. , - 
0 .1  + 0.2 25.0 
N.D. 
2.4 t 1.9 
TABLE 23, (cant.) 
Davidson Period 1975-1976 (N112) Upwelling Period 1975 (Ns16) 
Species  Mean dr wt. Percent freq.  Percent composition Mean dr wt,  Percent freq.  Percent compositioq 
(glltm 3 o f  occurrence i n  t o t a l  mean wt. (g) /b 1 of occurrence In t o t a l  mean w t .  
Prionit is  ZanceoZata 
Pti Zota hypenoides 
TOTAL MEAN G W S  
Dominant Algae 
A l l  Algae 
PERCENT COMPOSITION 
OF TO'rAL BIOMASS 
BY DOMINANT ALGAE 
0.1 N.D. - 
N . D .  - Not dominant 
(N) = Sample size 
IAdaea  complex includes I. oordata var. s p Z e d n s  and I. flaccida 
TRBLE 24. Biomass of I n t e r t i d a l  S o f t  Red and Green Algae: Means p e r  One Quar te r  Square Meter w i t h  95% Confidence I n t e r v a l s  ( I n  
Gram Dry Weight), pe rcen t  Frequencies of Occurrence, and Percen t  Composition i n  T o t a l  Biomass of Dominant S p e c i e s  by 
Oceanographic Period.  Combined Zones "B" and "C": North Control  I n t e r t i d a l ,  Diablo Canyon Power P l a n t  S i t e .  May 1, . 
1975 through February 29, 1976. 
Species 
Upwelling Period 1975 (N=35) Davidson Per iod  1975-1976 (N=40) 
Mean dry w t .  Percent  f req.  Pe rcen t  composit ion Mean d r y  w t .  Pe rcen t  f r eq .  Percent  composit ion 
(g) /b2 of occurrence i n  t o t a l  mean w t .  (g) / b 2  o f  occurrence i n  t o t a l  mean wt .  
REDS 
Botxyog Zosswn far2owianwn N. D. - - 1.5 + 1.2 35.0 6.6 
Catlithamnion pikeanwn 0.5 f 0.3 48.6 
Cryptopteura spp. 1.7 r 1.5 62.9 
Gastrocloniwn coutteri  5.2 d. 3.5 45.7 
Cigartinu cana l icutata 
Gigartina papiltata 
Hymenena s pp . 
Iridaea complex 
4 
I ~ i d u e a  hetemcarpwn 
- 
- L a w n c i a  spectabZin 
MicrocZadia coutteri  
Prionitis Zanceotata 
4.5 2 2.6 
2.3 f 1.7 
0.1 f 0.1 
85.3 r 28.7 
0.3 2 0.2 
0.1 r 0.1 
0.2 i 0.3 
3.2 f 2.8 
N.D. 
0.5 N.R. 
1.5 N.D. 
4.8' N.D. 
2.0 ?r 1.6 
0.7 + 0.7 
0.4 + 0.4 
8.4 + 3.5 
N.D. 
0.2 2 0.3 
0.4 + 0.5 
4.1 i 3.0 
0.5 * 0.6 

Articulated co ra l l i ne  Algae and Phyllospadix spp, In  p r i o r  repor ts  
w e  have not discussed i n  d e t a i l  our da ta  cn the  d i s t r ibu t ion  of a r t i cu l a t ed  
cora l l ine  algae o r  Phyllospadix. The abundance of both of these  groups 
2 
w a s  measured by estimating t h e i r  percent cover i n  our  %-m quadrats. In  
order t o  appropriately t r e a t  da ta  i n  t h i s  form, an arc-sine transformation 
should be performed. We w i l l  t r e a t  t h i s  transformed data  by using analysis  
of variance i n  our f i n a l  pre-operational report .  A t  t h i s  point  we 
present transformed data  as  mean percent cover by study area and sampling 
period (Table 25) . 
The Diablo Point study area (DPI) had the  highest  mean percent cover 
estimates of a r t i cu l a t ed  co ra l l i ne  algae of any of our study areas.  Our 
Control a rea  ( N C I )  had mean percent cover est imates of co ra l l i ne  algae 
somewhat intermediate of t h e  o ther  two Diablo Cove study areas.  South 
Diablo Cove (SDCI) had the  lowest mean percent cover estimates. This can 
be explained, i n  pa r t ,  by our  observations t h a t  t he  SDCI is subject  t o  
higher r a t e s  of sand t ransport  which could reduce avai lable  algae hab i ta t .  
L A l l  th ree  of the  study areas which had Phyllospadix occurring i n  our %-m 
quadrats had mean percent cover est imates in r e l a t i ve ly  close agreement. 
L 
Phyllospadix did not occur i n  any k-m samples i n  our Diablo Point study 
area.  
Where we sampled r e l a t i v e  t o  FILLLJ had an obvious a f f e c t  on the  
presence and abundance (i. e .  t h e  mean percent cover estimate) o f  
Phyllospadix and cora l l ine  algae i n  our sam2les. Calculating a mean 
quadrat height adjusted t o  MLLW f o r  each sampling period would ind ica te  
when we had sampled unusually high or  low in  a study area. In several  
cases these mean quadrat height values helped explain some of t h e .  
var ia t ion we observed i n  our mean percent cover estimates. During the  
1974 upwelling period, f o r  example, we had a r e l a t i ve ly  low a r t i cu l a t ed  
TABLE 25. Mean P e r c e n t  Cover and 95% Confidence I n t e r v a l s  of PhyZZospadix spp.  and A r t i c u l a t e d  C o r a l l i n e  Algae  
by Study Area and Oceanographic Sampling P e r i o d  - Diab lo  Canyon Power P l a n t  S i t e  - November 1, 1 9 7 3  
through J u l y  31,  1976. 
Area Sampling Per iod  Phy ZZospadix spp  . Art .  Cor. Algae Adjus ted  Mean 
Mean 95% C . I .  N Mean 95% C.L. N Quadrat  H e i g h t  ( f t )  
North Diablo  Cove Davidson 1973-1974 
I n t e r t i d a l  
Upwelling 1974 
Davidson 1974-1975 
Upwelling 1975 
Davidson 1975-1976 
Upwelling 1976 
South Diablo  Cove Davidson 1973-1974 
I n t e r t i d a l  
Upwelling 1974 
Davidson 19 74-1975 
Upwelling 1975 
Davidson 1975-1976 
Upwelling 1976 
North Cont ro l  Davidson 1973-1974 9.4 t 9.4 1 8  11.9  t 5.3  1 8  + 0 .8  
I n t e r t i d a l  
Upwelling 1974 11.2 2 1 3 . 3  4 2.2 t 7.8 4 + 0.6 
Davidson 1974-1975 23.6 2 5.0  35 1 3 . 8  t 2.7 3 5 + 0.2 
Upwelling 1975 20.9 t 6.7 35 5.6 t 1 .8  35 + 0.3  
TABLE 25. (Cont .) 
Area Sampling Period Phy ZZospadix spp.  A r t .  Cor. Algae Adjusted Mean 
Mean 95% C . I .  M Mean 95% C . I .  . N Quadrat Height  ( f t )  
Davidson 1975-1976 26.3 2 3.9 40 2.5 2 1.0 4 0 - 0.2 
Upwelling 1976 28.3 2 6.0 40 17.6 2 3.6 40 + 0.2 
Diablo Poin t  Davidson 1973-1974 0 
I n t e r t i d a l  
Upwelling 19 74 0 
Davidson 197C-1975 0 
Upwelling 1975 0 
Davidson 1975-1976 0 
Upwelling 19 76 0 
C . I .  = confidence i n t e r v a l  
N = sample s i z e  
coral l ine  cover est imate a t  our Diablo Point study area. The adjusted mean 
quadrat height f o r  t h e  same period was subs tan t ia l ly  higher (1.9 f t )  than 
the subsequent sampling periods. Our quadrats were generally placed, 
during t h a t  sampling period, above the  a rea  where a dense cover of cora l l ine  
algae occurred. In  our North Control area t he  lowest mean percent cover 
estimate of Phyllospadix, occurring i n  t he  1973-1974 Davidson sampling 
period, a l so  corresponded with t h e  highest  adjusted mean quadrat height. 
These components of the  i n t e r t i d a l  community, a t  l e a s t  within t he  area 
of our sampling e f f o r t ,  appear t o  be r e l a t i ve ly  s t ab l e  throughout the  year. 
This might be expected s ince Phyllospadix i s  a perennial spermatophyte and 
the  axt icula ted co ra l l i ne  algae a re  a l so  perennial. 
I n t e r t i d a l  Abalones 
Random Pa ra l l e l  Sta t ions  
The abundance of the  two species of abalones, Hal io t i s  rufescens, red 
. 
abalone, and H. ~ r a c h e r o d i i ,  black abalone, has not changed appreciably i n  
- 
any i n t e r t i d a l  study area during t he  year (Table 26). I n  the  North Control 
area the  mean per m2 f o r  black abalones was 0.68 during the  1975 upwelling 
period. The mean per  m2 f o r  t he  same period i n  1976 was 0.61. In t h e  
southern portion of Diablo Cove (SDCI) t he  mean number of black abalones per 
m2 did no t  change between the  two sampling periods (0.01). The northern 
portion of Diablo Cove ( N D C I )  and the ~ i a b l o  Point (DPI) black abalone 
mean per  m2 appear t o  have decreased from 1.50 per m2 t o  1.14 and 1.82 per 
m2 t o  1.48 respectively.  The mean number of red abalones pe r  m2 d i d  not 
change s ign i f ican t ly  i n  any of the  study areas.  In  t h e  North Control, the 
L 
mean per  m f o r  red abalones was 0.01 during both the  upwelling 1975 and 
1976 oceanographic periods. The mean pe r  m2 increased s l i g h t l y  i n  t he  
S D C I  and NDCI,  0.03 t o  0.09 pe r  rn2 and 0.10 t o  0.13 per  m2 respectively.  
We now have da ta  on the numbers of i n t e r t i d a l  abalones from our 
TABLE 26. Mean Numbers of Abalone from P a r a l l e l  I n t e r t i d a l  S t a t i o n s  ( A r e a  = 30 x 2m) 
Diablo Canyon Power P l a n t  S i t e .  
Ha Lio t.is cracherodii BaZiotis rufescens 
No, of ~ e a n / r n ~  No. of  ~ e a n /  m2 
Area and Survey s t a t i o n s  count  s t a t i o n s  count  
Per iod  surveyed surveyed 
NOR'I'H CONTROL 
Davidson 1973-1974 
upwellihg19 74 
Davidson 1974-1975 
Upwelling 1975 
Davidson 1975-1976 
Upwelling 1976 
DIABLO POINT 
Davidson 19 73-1974 
Upwelling 1974 
Davidson 1974-1975 
Upwelling 1975 
Davidson 1975-1976 
Upwelling 19 76 
SOUTH DIABLO COVE 
Davidson 1973-1974 
Upwelling 1974 
Davidson 1974-1975 
Upwelling 1975 
TABLE 26. (cont . ) 
HaZiotk c~acherodii  Haliotis mLfescens 
No, of ~ean/rn~ No. of ~ e a n / m ~  
Area and Survey stations count stations count 
Period surveyed surveyed 
Davidson 1975-1976 8 0.02 8 0.06 
Upwelling 1976 
NORTH DIABLO COVE 
Davidson 19 7 3-19 74 
Upwelling 1974 
Davidson 1974-1975 
Upwelling 1975 
- Davidson 1975-1976 
Upwelling 1976 
random s t a t i o n s  study f o r  s i x  oceanographic periods. W e  i n i t i a t e d  our study 
during the  1973-1974 Davidson oceanographic period and have sampled through 
the  1976 upwelling period. During t h a t  period of t i m e  a number of fac tors  
have affected abalone populations i n  our study areas.  Included among those 
fac tors  a r e  losses  a t t r i bu t ed  t o  sea  o t t e r  foraging and a copper discharge 
i n t o  Diablo Cove. We made a preliminary and cursory s t a t i s t i c a l  analysis  
comparing the  mean number est imates of black abalones during each sampling 
period i n  a l l  study areas t o  determine i f  our da ta  re f lec ted  t h e  changes we 
f e e l  have occurred. Other t e s t s  w i l l  be used t o  f ind t he  most appropriate 
t e s t  of significance.  
Analysis of variance is one of t he  most powerful and useful techniques 
i n  s t a t i s t i c s .  Since we a r e  dealing with j u s t  one var iab le ,  mean nwnber of 
abalones by season, we have used a s ing le  c l a s s i f i ca t i on  analysis  of 
variance f o r  these data.  
With one exception, t he  r e s u l t s  of t h i s  pa r t i cu l a r  preliminary analysis  
indicate  t h a t  there  has not been a s t a t i s t i c a l l y  s ign i f i can t  change i n  Lle 
mean number of black abalones in any of our study areas since we began i n  
1973 (Table 27). We made two types of analysis  f o r  each study area;  we 
compared t h e  highest  seasonal mean with the  lowest, and we compared a l l  s i x  
seasonal means together. In a l l  four study areas  no s t a t i s t i c a l l y  s ign i f i can t  
difference i n  seasonal mean numbers was detected when a l l  s i x  means were 
compared. We detected only one s ign i f i can t  di f ference when comparing high 
and 1ow.means. The North Control study a rea  had a high mean during t he  1973- 
1974 Davidson period ( 2  = 123 abalones, n = 3 s t a t i ons )  and a low mean 
- 
during t h e  1974-1975 Davidson period (x = 33 abalones, n = 9 s t a t i o n s ) .  
These means were f o n d  t o  be d i f f e r en t  a t  a 0.01 leve l  of s ignif icance 
(5 ,10 = 12.28;  the  t & l e  value f o r  FIIIO with a P 0.01 is 10.04). This 
difference was masked when a l l  s i x  seasonal means were tes ted .  
. - . -  
TABLE 27. Resu l t s  of  Analys is  of  Yariance of Seasonal  Mean Counts from 
P a r a l l e l  Transec ts  of  Balck Abalone, HaZiotb cracherodii, 
and Red Abalone, HaZiotis mfescens, by Study Area - Diablo 
Canyon Power P l a n t  S i t e  - 1973 through 1976. 
I Comparisons 
All Means High and Low Means 
Study Sample (dff Table Sample (df? Table 
SPECLES area s i z e  F v a l u e  F va lue  s i z e  F va lue  F va lue  
(5 31) (1,lO) 
Black abalone . N C I  3 7 1.30 2-51  12 12.28 10.04** 
(5,361 (1 99) 
SDCI 4 2 1 - 7 9  .2.48 l1. 4.10 5.12 
(5,101 (1 94) 
DPI 16 0.62 3.33 6 1.85 7.71 
(5 ,371 ( 1  912) 
Red abalone N D C I  4 3 0 -03 2.48 14 8.44 4.75*** 
* Degrees of freedom. 
** F t a b l e  va lue  a t  P0.01 - computed F va lue  s i g n i f i c a n t  a t  t h a t  l e v e l ,  
*** F t a b l e  va lue  a t  P0.05 - computed F va lue  s i g n i f i c a n t  at t h a t  l e v e l .  
Note: a l l  o t h e r  va lues  n o t  s i g n i f i c a n t  a P0.05. 
we a l so  compared seasonal mean number est imates f o r  i n t e r t i d a l  red 
abalones i n  our NDCI study a rea  (northern por t ion of Diab10 Cove). This 
w a s  t he  only study area with su f f i c i en t ly  nigh dens i t i e s  t o  warrant t he  
use of analysis of variance. When a l l  s i x  seasonal means were t e s t edp  no 
s ign i f i can t  difference was detected but  t h e  high and low mean number 
estimates were found t o  be s ign i f ican t ly  d i f f e r en t  (Davidson 1973-1974 vs 
upwelling 1975, F = 8.44; t h e  t a b l e  value f o r  F l ,12  with a P 1,12 0.05 is 4.75). 
A s t a t i s t i c a l  t e s t  is  not  an i n f a l l b l e  guide and can never prove a 
pa r t i cu l a r  hypothesis. The i dea l  s t a t i s t i c a l  t e s t  has a small probabi l i ty  
of re jec t ing  a n u l l  hypothesis (H ) when it i s  t r u e  and a large probabi l i ty  
0 
of re jec t ing  t h e  H when it i s  fa l se .  We have not t e s t ed  t o  determine 
0 
whedher our data meets the  assumptions necessary t o  use analysis of variance 
o r  f o r  t h a t  matter any parametric s t a t i s t i c a l  t e s t .  We are  simply reporting 
t h e  r e s u l t s  of an i n i t i a l  and admittedly cursory analysis of our data  on 
i n t e r t i d a l  abalones. This analysis  does show t h a t  t h e  natural  v a r i a b i l i t y  
i n  t he  s p a t i a l  d i s t r ibu t ion  of i n t e r t i d a l  abalones a t  any one s t a t i o n  as 
well as differences i n  abalone dens i t i es  between s t a t i ons  i s  very hign and 
may mask many actual  changes. 
There a r e  other  parametric t e s t s  t h a t  can be used t o  compare seasonal 
mean number estimates of i n t e r t i d a l  abalones as  well  a s  a number of non- 
parametric t e s t s .  W e  w i l l  continue our analysis  i n  an e f f o r t  t o  f ind  the  
mst appropriate t e s t  of s ignif icance t o  provide t he  most reasonably 
objective basis  f o r  reaching decisions. 
The s i z e  frequency d i s t r i bu t ion  f o r  black and red abalones has con- 
t inued t o  decline i n  most study areas (Tables 28 and 29). In t h e  North 
Control t h e  mean length of measured black abalones has shown a decline 
from 134 ~ I U  (1973-1974) t o  102 mm (1975-1976). Analysis of variance was 
not used a t  t h i s  point  t o  t e s t  s ignif icance because of the la rge  amount 
TABLE 28. Mean Length o f  Black  Abalone f rom P a r a l l e l  T r a n s e c t s ,  Random I n t e r t i d a l  
S t a t i o n s  - Diab lo  Canyon Power P l a n t  S i t e .  
Nmb er s Mean S i z e  
Area Survey p e r i o d  sampled s i z e  (mm) r a n g e  (m) 
NORTH CONTROL Davidson 1973-1974 3 5  1 3 4  89-167 
0 
Upwelling 1974 1 112  112  
Comb b e d  36 134  89-167 
Bavidson 1974-1975 81 122  
Upwelling 1975 
Combined 
Davidson 1975-1976 
Upwelling 1976 
Combined 
D M L O  POINT Davidson 1973-1974 
e 
Upwelling 1974 
& Combined 
Davidson 1974-1975 8 7 100 
Upwelling 1975 6 3 90 
Combined 150 9 6 
Davidson 1975-1976 27 1 0 5  30-152 
Upwelling 1976 No measurements 
Combined 27 105  . 30-152 
SOUTH DIABLO COVE Davidson 1973-1974 3 156 
Upwelling 1 9  74 No measurements 
Combined 3 156 130-178 
TABLE 28. (cont ,) 
-- -- 
Numb er s Mean s i z e  
Area Survey pe r iod  sampled s i z e  (m) range  (mm) 
SOUTH DLABLO COVE o 
INTliXTIDAL Davidson 1974-1975 8 160  136-182 
Combined 
Davidson 1975-1976 
Upwelling 1976 
Combined 
NORTH D,IABLO COVE Davidson 1973-1974 
Upwelling 1974 
Combined 
No measurements 
'. 
Davidson 197.4-19 75 193  14  3 78-177 
Upwelling 1975 11 2 138  47-179 - 
Combined 305 1 4 1  47-179 
Davidson 19  75-19 76 7 3 133  
Upwelling 1976 4 152 
Combined 7 7 134 
- TABLE 29. Mean Length of Red Abalonesfrom P a r a l l e l  T ransec t s ,  Random I n t e r t i d a l  ' 
S t a t i o n s  - Diablo Canyon Power P l a n t  S i t e ,  
Numbers Mean S i z e  
Area Survey per iod  sampled size (m) range  (mm) 
NORTH CONTROL Davidson 1973-1974 2 175 172-178 
Upwelling 1974 3 154 137-175 ' 
Combined 5 163 137-178 
Davidson 1974-1975 2 115 90-139 
Upwelling 1975 1 154 - 
Combined 3 128 
Davidson 1975-1976 14 156 
Upwelling 1976 
Combined 
SOUTH DIABLO COVE Davidson 1973-1974 
Upwelling 1974 
Combined 
Davidson 1974-1975 
Upwelling 1975 
Combined 
Davidson 1975-1976 11 
Upwelling 1976 6 
Combined 17  
NORTH DIABLO COVE Davidson 1973-1974 5 0 180 
Upwelling 1974 39 170 
Combined 89 176 113-215 
Numbers Mean S i z e  
Area Survey per iod  sampled s i z e  (mm) range  (mm) 
NORTH DIABLO 
COVE INTERTIDAL Davidson 1974-1975 
Upwelling 1 9  7 5 
Comb ined 
of d a t a  involved. The N D C I  and SDCI a l s o  showed decreases i n  man leng th  
of black abalones, 145 m (1973-1974) t o  134 mm (1975-1976) and 156 mm 
(1973-1974) t o  141 mm (1975-1976) respect ive ly .  There was an apparent  
increase  i n  mean l eng th  o f  black abalones measured i n  t h e  DPI (101 mm t o  
105 mm). The only appreciable  change i n  r e d  abalone mean l eng th  occurred 
i n  the SDCI. The 1973-1974 red abalone mean length  of 196 mm decreased 
t o  184 mm i n  1974-1975 and decreased f u r t h e r  t o  180 mm i n  1975-1976. The 
red abalone mean 1engt.n i n  t h e  SDCI, however, was s t i l l  h igher  than red  
abalone mean lengths  ca lcu la ted  f o r  o t h e r  s tudy areas .  
Random Pemendicular  S t a t i o n s  
The mean number p e r  m2 of  black abalones along random perpendicular  
Z 
s t a t i o n s  (Table 30,) was c o n s i s t e n t l y  h igher  than t h e  mean pe r  m from 
the '  random p a r a l l e l  s t a t i o n s  surveyed during t h e  same oceanographic 
periods.  The only exception was t h e  up?e l l ing  per iod  i n  1975 and t h e  
Davidson 1975-1976 per iod  i n  t h e  North Control study a r e a  where t h e  
p a r a l l e l  mean pe r  m2 was h igher .  In t h e  N D C I  surveyed during the  
upwelling 1976 oceanographic season, t h e  black abalone mean pe r  m2 f o r  
t h e  perpendicular  t r a n s e c t  was 2.91 com~ared wi th  a mean g e r  rn2 of  1.14 
.4 f o r  t h e  p a r a l l e l  t r a n s e c t s .  The perpendicular  mean pe r  m i n  t h e  SDCI 
f o r  th.e same season was 0.15 compared with a mean of  0.01 p e r  rn2 i n  t h e  
p a r a l l e l  survey. In the  North Control t h e  perpendicular  and p a r a l l e l  
mean p e r  m2 f o r  b lack  abalones counted during t h e  same upwelling season 
was 0.72 and 0.61 respec t ive ly .  
Permanent Transects  
We continued surveying permanent i n t e r t i d a l  s t a t i o n s  f o r  black and 
red abalones with t h e  exception of  permanent S t a t i o n  4 which was abandoned. 
We have, however, increased t h e  frequency of  o u r  permanent s t a t i o n  surveys 
in  order  t o  reduce the  e f f e c t  of counting v a r i a b i l i t y  and t o  he lp  monitor 
TABLE 30. Mean Number and 95% Confidence I n t e r v a l s  of Black Abalone, 
'HaZiotis cracherodii, from Perpendicular  I n t e r t i d a l  Transects-  
Diablo Canyon Power P l a n t  S i t e  - January 1, 1975 through June 30, 1976. 
Number of Mean 
Study Area s t a t i o n s  count /m2 
North Control 
Davidson 19 74-19 75 
Upwelling 1975 
Davidson 1975-1976 
Upwelling 1976 
South Diablo Cove 
Davidson 1974-1975 
Upwelling 1975 
Davidson 1975-1976 
Upwelling 19 7 6 
North Diablo Cove 
Davidson 1974-1975 
Upwelling 19 75 
Davidson 19 75-19 76 
Upwelling 1976 
for  poss ib le  shor t  term l o c a l i z e d  impacts a t  t h e  remaining s t a t i o n s .  The 
m a n  counts of  bbth black and red  abalones a t  these  s t a t i o n s  were h igher  
* 
for  t h e  1976 surveys than i n  any e a r l i e r  survey (Table 31) .  S t a t i o n  2A 
i n  t h e  nor thern  p o r t i o n  o f  Diablo Cove has shown a s l i g h t  increase  i n  
black abalone dens i ty  when compared with t h e  l a s t  t h r e e  survey years  (276 
i n  1976 compared wi th  a p r i o r  hign o f  261 i n  1971). Red abalones a t  t h i s  
s t a t i o n  a l s o  increased from a  mean o f  3  t o  8 during t h e  same time i n t e r v a l .  
S t a t i o n  2B increased from a  mean of 140 black abalones i n  1975 t o  a  mean 
of 154 t h i s  year .  Black abalone mean d e n s i t i e s  a l s o  increased a t  s t a t i o n s  
3A and 3B i n  south Diablo Cove from 1975 t o  1976 (20 t o  26 and 45 t o  66 
respec t ive ly ) .  Red abalone mean d e n s i t i e s  d id  not  change s i g n i f i c a n t l y  a t  
t h e  south Diablo Cove s t a t i o n s  (3A and 3B). 
* 
I n  add i t ion  t o  m n i t o r i n g  t h e  e s t w l i s h e d  permanent i n t e r t i d a l  
s t a t i o n s ,  we i n i t i a t e d  permanent s t a t i o n  surveys in t h r e e  new a r e a s  t h i s  
year  (Table 31, Figure 1). These t r a n s e c t s  were placed,  i n  two cases ,  
beyond t h e  confines o f  Diablo Cove i n  o r d e r  t o  d e t e c t  any changes i n  
abalones and s e l e c t e d  i n v e r t e b r a t e  d e n s i t i e s  which might occur o u t s i d e  
of our  cu r ren t  s tudy areas.  These add i t ions  were made i n  response t o  
updated p red ic t ions  on t h e  ex ten t  o f  t h e  power p l a n t ' s  thermal plume. 
S t a t i o n  P-1 was s i t u a t e d  i n  t h e  cove j u s t  nor th  o f  Diablo Cove (South 
F ie lds  Cove). We a l s o  placed a  new permanent t r a n s e c t  (P-2) near  Diablo 
Point  and a  t h i r d  (P-3) on t h e  f l a t  i n t e r t i d a l  bench ad jacen t  t o  t h e  
In take  Cove south breakwater (Figure 1). The breakwater s t a t i o n  (P-3)  
was surveyed f i v e  times t h i s  year  t o  e s t a b l i s h  f irm d a t a  base. Tne 
counts of black abalones a t  t h i s  s t a t i o n  showed l i t t l e  v a r i a b i l i t y  
(2 = 56, S.D. = 9.72). S t a t i o n s  P-1 and P-2 were surveyed twice. 
Although t h e  sample s i z e  is much smal le r ,  both s t a t i o n s  had l i t t l e  
va r i a t ion  i n  mean counts  (P-1 = 232, S.D. = 10.6; P-2 = 200, S.D. = 12.0) .  

SEA OTTER SURVEYS 
Methods 
Sampling methods remained unchanged. Weekly counts  a s  well  a s  notes  
8 
on feeding behavior were made by M s .  Suzanne Benech under c o n t r a c t  with 
P.G.& E. A l l  observations and counts were ~ a d e  us ing a 30x t o  60x 
s p o t t i n g  scope o r  f i e l d  b inoculars .  The observation a rea  was expanded 
from Point  Buchon t o  Coon Creek, i n  t h e  nor th ,  i n  Apri l  1975. This y e a r ' s  
d a t a  a l s o  incorporated t h a t  add i t iona l  a rea .  
Results  
F luctuat ions  i n  mean monthly counts and r a f t  movements p a r a l l e l e d  t h e  
l a s t  two years  o f  observations (Table 32) .  The h ignes t  counts again 
occurred i n  t h e  sp r ing  along with a southward s h i f t  i n  t h e  l o c a t i o n  o f  the  
southernmost s e a  o t t e r  r a f t .  The southernmost r a f t  was s i t u a t e d  j u s t  south 
a o f  Pecho RDck i n  May, 1975 and a l s o  i n  February and March of 1976. A 
corresponding northward movement of t h e  southernrmst r a f t i n g  s i t e  occurred 
-- 
again in t h e  e a r l y  summer months. The sea  o t t e r s  range, then,  d i d  not 
change. Thei r  numbers within t h e  survey area ,  however, increased s i g n i f i -  
can t ly .dur ing  t h e  spr ing .  The mean count f o r  t h e  1975 s p r i n g  months 
(March, Apr i l  and biay) was 85 sea  o t t e r s .  In  1976 the  mean count increased 
t o  135. 
For most of t h e  year  (Ju ly  1975 through mid-March 1976) t h e  main sea  
o t t e r  r a f t  was loca ted  near  Point  Buchon and f o r  t h e  remainder o f  t h e  
year  near  Pecho Rock. Sea o t t e r s  were observed near  ~ i a b l o  Cove on only 
four  percent  of t h e  observation days ( N = 5 0 ) .  On two occasions one o r  two 
sea o t t e r s  were s i t u a t e d  near  t h e  In take  Cove breakwater. Only one sea  
o t t e r  was observed i n  Diablo Cove during t h e  year. Foraging by s e a  o t t e r ,  
then, was probably not  an i m p e a n t  f a c t o r  affecting t h e  1975-76 Diablo 
Cove inver t eb ra te  d e n s i t i e s .  
* TABLE 32. Monthly Mean Counts of Sea Otter - Poln t  Buchon t o  Pecho Creek -July 1, 1 9 7 3  through .June 3O2 1976* 
1 9  7 3-74 1974-75 1975-76 
Month Monthly Mean Number of Monthly Mean Number of Monthly Mean Number of 
range count counts  range count counts  range count counts  
J u l y  - 26 1 52-69 58 4 32-57 * 46 4 
August 
September 
October 8-56 3 7 4 22-4 7 34 4 42-51 46 5 
November 38-49 40 4 34-49 42 4 .  33-56 45 4 
December 26-40 34 3 27-43 36 4 27-70 48 4 
84 3 51-66 5 6 5 24-109 7 8 5 
1 January 73-97 Q 
4 
1 
February 56-97 8 5 4 20-83 4 9 4 69-101 9 1 4 
A p r i l  114-138 , 124  4 21-126 96 4 93-161 113 4 
June 
*survey a r e a  expanded from Coon Creek t o  Pecho Creek in A p r i l  1975.  
Sea o t t e r s  were observed i n  our  North Control a r e a  on 30 percent  o f  
a t h e  observation days. On most of  t h e s e  days only one animal was observed. 
* 
However, up t o  f i f t e e n  animals have been noted i n  t h e  area.  Even one 
" 
i nd iv idua l  foraging cons i s t en t ly  i n  t h e  Worth Control  could have a rna?ked 
e f f e c t  on i n v e r t e b r a t e  d e n s i t i e s  the re .  
Within t h e  whole survey a r e a ,  abalone, H a l i o t i s  spp., remained t h e  
most commonly observed food i tem being consumed by s e a  o t t e r s  (Table 3 3 ) .  
Small s h e l l e d  molluscs (possibly Tegula  sp . )  and g i a n t  r e d  sea  urchins ,  
S t r o n g y l o c e n t r o t u s  f r a n c i s c a n u s ,  were second and t h i r d ,  r e spec t ive ly .  
Several  spec ies  o f  c rab  a l s o  compromised a s i g n i f i c a n t  component of t h e  
observed food items being consumed. We assume t h a t  these  observations 
. r e f l e c t  s e a  o t t e r  d i e t a r y  preferences and a r e  he lp fu l  i n  i d e n t i f y i n g  prey 
species  i n  t h e  study area .  
COMMERCIAL SEA URCXIII AND ABALOPJE FISHERY SURVEYS 
Commercial f i s h i n g  f o r  g i a n t  red  sea urchins  and abalones probably 
-, 
d id  no t  a f f e c t  those  populat ions o r  t h e i r  associa ted  predators  and 
competitors i n  t h e  Diablo Cove area  during t h e  s e r i o d  covered by t h i s  
annual r epor t .  The l o c a l  urchin f i s h e r y ,  sporadic and seasonal a t  b e s t ,  
stopped s h o r t l y  a f t e r  t h e  season opened because a market p r i c e  reduction 
made f i s h i n g  uneconomical i n  t h e  Avila a rea  (Table 34) ,  and the  f i s h i n g  
has y e t  t o  resume. The abalone f i s h i n g  e f f o r t  has continued t o  decl ine  
due t o  t h e  reduction i n  s tocks  from s e a  o t t e r  foraging. Two commercial 
abalone boats  d id  occas ional ly  work t h e  Pecho lack area .  THeir e f f o r t ,  
however, was very sporadic  and no intexxiews were conducted. iqo 
commercial a c t i v i t y  has been noted i n  t h e  Diablo Cove a r e a  o r  i n  t h e  
North Control  a rea  between Ju ly  1975 and June 1976. 
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TABWE 34, Annual Commercial. Landings (Round Weight) of Red Abalones and 
Giant Red Sea Urchins - Merro Rock t o  Avila - 1964 through 1975, 
Red abalones Red u rch ins  
YEAR Lb Kg Lb . Kg 
MISCELLANEOUS STUDIES 
Methods 
Fishing is conducted a t  random and permanent subtidal  s t a t i ons ,  time 
and conditions permitting, throughout the  y e a ,  We use standard t e rn ina l  
t ack le  consist ing s f  "Wonder J ig s "  with and without s t r i p s  of cu t  squid. 
Wonder Jigs a r e  eommereially produced rockfish l u r e s  with 4 hooics covered 
with yellow and red yam attached t o  a 3Q Ib t e s t  leader. Fishing takes 
place with one o r  two rods f o r  30 min. During t h i s  time w e  attempt t o  
catch as many f i s h  as  possible regardless of s i ze  o r  species.  Records a r e  
kept of t h e  s t a t i on  locat ion,  depth, bottom and surface temperatures, 
secchi d i sc  reading, and number, s i z e  and sex ( i f  i den t i f i ab l e )  of each 
species caught. Most f i shes  axe returned t o  t he  water; however, we usually 
r e t a in  all gopher and black-and-yellow rockfishes t a  examine t h e i r  stomach 
contents. 
Results 
W e  spent 18-59 hours i n  Diablo Cove during $he year f ishing a t  29 random 
and permanent sub t ida l  s ta t ions .  A t o t a l  of 24 f i shes  were caught yie lding 
a catch pe r  hour of 1 -27  (Table 35) a This rate i s  considerably nigher than 
the 1974-75 catch r a t e  of 0-11. f i s h  p e r  hoar (Gotshall e t  a l ,  1976). 
~ i a b l o  Cove f i sh ing  s t a t i ons  produced another major difference during Lie 
1935-76 sampling period when compared t o  19'34-75. The most frequently 
caught f i s h  during the 1974-75 season was t h e  blue rockfish, but  during 
t h i s  sampling period t he  catcn was dominated by black rockfish. 
The catch r a t e  a t  33 North C ~ x a t r s l  f i sh ing  s t a t i o n s  a l so  increased 
during t h i s  l a t e s t  sampling period, 2.97 f i s h  per hour a s  ampared t o  
1.63 f i sh  per hour during t h e  1974-75 sampling period, Blue rockfish were 
t h e  most frequently caught f i s h  during both sampling periods, 
TABLE 35. Number and Catch-Per-Hour of F ishes  caugnt on Hook and Line at 
C 
Random and Permanent S u b t i d a l  S t a t i o n s  - Diablo Canyon Power 
P l a n t  S i t e  - J u l y  1, 1975 through June 30, 1976. 
DIABLO COVE 
July-December January-June T o t a l s  
No. C/H No, C/H No, C/H 
SPECIES caught caught  caught  
Scorpaenichthys mannoratus (9 0.00 1 0.07 1 0.05 
Sebastes camatus 1 0.24 5 0.34 6 0.32 
Sebastes chrysome 2as 0 0.00 1 0.07 L 0.05 
Sebastes me Zmops 6 1.43 2 0.14 8 0.42 
' Sebustes mystinus 4  0.95 2 0-14 6 0.32 
Sebastes ~ustreZZiger 0 0.00 Z 0.07 1 0.05 
* T o t a l  Hours 4 . 2  14.7 18.9 
NORTH CONTROL ** 
H e x a g ~ o s  d e c r a g r m s  8 0.00 1 0.17 1 0.06 
Ophiodon e longat us 1 0.09 0 0.00 1 0.06 
Scorpaenichthys mumoratus Q 0.00 1 0.17 1 0.06 
Sebastes camatus (9 (3.00 11 1.83 11 0.63 
Sebastes caurinus 0 Q.00 1 0.17 1 (3.06 
Sebastes chrysome Z a s  Q 0-00 1 0.17 
Sebgstes ngjstinus 3  1 2.78 5 0,83 
T o t a l s  32 2.79 20 2 - 3 4  
T o t a l  Hours 1P,% 2.78 6,O 3.33 
C/£I = Catch pe r  hour 
* = Hours x po le s  f i shed 
** = Inc ludes  North Cove and F i e l d s  Cove 
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CBle possible reason for  the  increase i n  catch r a t e s  is t h a t  t he  
persons conducting the f ishing s t a t i ons  a r e  improving t h e i r  f i sh ing  
a b i l i t y ;  also,  the  density of bu l l  kelp a t  a s t a t i on  influences t h e  
catch ra te .  
FISH FOOD W I T S  
W e  have a n t i n u e d  t o  examine stomachs of selected f i shes  with 
emphasis on those f i shes  whose food h a l t s  nave not appeared in t h e  
l i t e r a t u r e ,  
Methods 
Stomachs were obtained from f ishes  caught by hook and l i n e  a t  the  
catch-ger-unit-of-af f o r t  s ta t ions .  Most sf t h e  grass rockfish (Sebas tes 
s a s t r e l l i g e r )  were col lected b y  divers with spears. Total length, sex, 
date ,  and location of capture f o r  each sgecies was recorded.. Elle 
stomachs were removed and preserved i n  70% isoplropyl alcohol. Stomach 
contents were examined under a dissect ing microscope, Organism found 
i n  the  stomachs were counted itnd t h e i r  volumeteric displacement was 
determined using a graduated cylinder. 
Results 
Sebas t e s  chrysomelas ,  the  Black and Yellow Rockfish. Four stomachs 
were examined; one was empty. Crustaceans, primarily crabs, formed the  
bulk sf t he  iden t i f ied  food items (Table 3 6 ) .  Ident i f ied  crabs included 
cancer produc tus ,  Hapdogas t e r  cavicauda , Loxorhynchus c r i s p a t  u s ,  
P e t z o l i s t h e s  c i n d i p e s  and Puge t t i a  products. 
Sebas t e s  carnatus ,  t he  Gopher Rockfish. C r & s  were t he  most frequently 
observed animals i n  the  21  stomachs examined, Four species were i d e n t i f i -  
able : Cancer jordani  , Loxorhynchus c r i s p a t  u s ,  Mimu1 us fo l i  a t  us, and 
P u g e t t i a  graci2i.s. 
Sebas t e s  a t r o v i r e n s  , the  Kelp ~ o c k f  i sh.  The four stomachs examined 
. -  * 
T ~ L E  36. Stomach Contents of Three  S p e c i e s  o f  ~ o c k f i s h o s ,  S e h s t a s ,  Collected i n  the Diabla Canyon Rrea. 
Sebas t e s  chqsome Zas S. earnatus S. atrovirens  
+ FOOD ITEM Number P e r c e n t  Volume Number P e r c e n t  Volume Number P e r c e n t  Volume 
of i t ems  freq. o f  (ml) of i t e m s  f r e q ,  of (ml) s f  i t e m s  f r e q ,  of (ml) 
o c c u r r e n c e  o c c u r r e n c e  o c c u r r e n c e  
Arnphipoda 
BaZanus s p ,  
Brachyura 
Cancer jordizni 
Cancer productus 
Cancer sp.  
Car i d e a  
Crangon s p .  
Grustacea  
Gastropoda 
HapaZogas t e r  @avicau& 
Hippoly t idae  
Loxorhynehus crispatus 
MimuZus foZCatus 
Nernotoda 
Uphiothrix spicuZata 
PandaZus sp.  
TABLE 3 6 .  (cont . )  
Sebastes chqsome Zas S. carnatus S .  atrovirens 
FOOD ITEM Number P e r c e n t  Volume Number P e r c e n t  Volume Number Per  c e n t  Volume 
of items freq. of (ml) of i t e m s  freq, o f  (ml) o f  items f r e q .  of (ml) 
occur rence  o c c u r r e n c e  o c c u r r e n c e  
Pachyche Zes sp . 1 4.8 1.7 
Polychae t a  
Puge t t i a  graci2ira 
Puge t t i a  produc t a  
SaZpa s p .  
U n i d e n t i f i e d  f i s h  
. U n i d e n t i f i e d  a l g a e  
Total Stomachs 
Number Empty 
9.5 0.50 1 25,Q T r a c e  
I 
h-' 
4.8 Trace  1 25.0 T r a c e  O, 
a 
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a v a r i e t y  of crustaceans but  again crabs were t h e  most f r equen t ly  
encountered animals. 
Sebastes rastrelliger, t h e  Grass Rockfish. We have been c o l l e c t i n g  and 
1 = m i n i n g  stomachs of t h i s  species  s ince  the  beginning o f  o u r  s t u d i e s  a t  
1 point  Arena (Gotshall. e t  a l .  1974). We have concentrated on t h i s  p a r t i c u l a r  
f i s h  because it is  one of t h e  l a r g e s t  predators  r e s i d i n g  i n  t h e  shallow 
I ( l a s s  than 10 m) waters of the  study area .  Because of  i t s  importance i n  S 
t h e  region adjacent  t o  t h e  i n t e r t i d a l  zone, t h e  grass  rockf i sh  could 
i produce valuable d a t a  on r e l a t i v e  abundance of some of t h e  i n v e r t e b r a t e s  
I 
i and f i s h e s  t h a t  se rve  as  prey i n  t h e  a reas  where they a r e  co l l ec ted .  I 
Unfortunately grass  rockf ish  a r e  not  an abundant f i s h ,  a t  l e a s t  i n  t h e  
i areas  we have surveyed; thus  we have attem2ted t o  c o l l e c t  t h e s e  f i s h  from 
I 
i 
2: areas  adjacent  t o  Diablo Cove r a t h e r  than  deple te  t h e  populat ion wi th in  
t h e  Cove. 
W e  have c o l l e c t e d  and examined only seven grass  rockf i sh  stomachs 
i 
from t h e  Diablo Canyon a rea ,  two of t h e s e  were empty (Table 3 7 ) .  As with 
! the t h r e e  rockfishes previously discussed,  t h e  grass  rockf ish  stomachs 
1 
% 
I 
i from Diablo Canyon waters contained a l a r g e  number of  crabs and o t h e r  
1 crustaceans,  b u t  f i s h  made up t h e  l a r g e s t  volume and were t h e  most 
1 
f requent ly  encountered animal. The six stomachs co l l ec ted  a t  P t .  Arena 1 
(Gotshall  e t  aP. 1974) and t h e  17 stomachs from San Simeon and Piedras i 
1 Blancas (Table 37) r e f l e c t  t h i s  p a t t e r n  of f i s h e s  and crus taceans  
dominating t h e  g rass  rockfish d i e t .  
FOAM OBSERVATIONS 
Methods 
A f t e r  t he  i n i t i a l  cooling system t e s t i n g ,  it became apparent  t h a t  
discharge produced surface  foam might be a f a c t o r  inf luencing t h e  

i n t e r t i d a l  and nearshore marine environment. We f e l t  t h a t  the presence o f  
cons i s t en t ly  t h i c k  mats o f  foam might a t t e n u a t e  l i g h t  pene t ra t ion  t o  t h e  
point  where t h e  benthic a l g a l  community could be adversely a f fec ted .  
However, no l i g h t  measurements have been made. The foam was apparent ly  
produced by turbulence o f  t h e  cooling water system a t  the  discharge 
s t r u c t u r e .  
We i n i t i a t e d  a survey of su r face  foam condit ions wi th in  Diablo Cove 
on November 7, 1975. The survey includes es t imates  of wind d i r e c t i o n  and 
speed a s  well  a s  swel l  d i r e c t i o n  and energy. We a l s o  noted t i d a l  s t age  
a t  the time t h e  observations were made. Qua l i t a t ive  es t imates  of foam 
th ickness  and d i s t r i b u t i o n  were made from maps and photographs taken with 
each observation.  
Results  
We have made over f i f t y  observations on foam condi t ions  with the  cooling 
system opera t ional  and over  f o r t y  with the  system o f f .  The southern and 
c e n t r a l  por t ions  of Diablo Cove were t h e  only a reas  where foam was found 
w i t h  a s u f f i c i e n t l y  hign frequency o f  occurrence t o  have any inf luence  on 
benthic  algae.  
Factors  which appear t o  a f f e c t  foam condit ion var ied  considerably 
during t h i s  observation period.  Because of t h i s  v a r i a b i l i t y  we were a b l e  
t o  make only genera l iza t ions  about t h e  f a c t o r s  inf luencing foam condit ions . 
During pump t e s t i n g  we observed foam 98% of t h e  time. The g r e a t e s t  amount 
of foam occurred when the re  were calm t o  moderate seas .  Foam condi t ions  
were a t  t h e i r  worst a t  a f lood o r  s l a c k  t i d e ,  when l i t t l e  wind was blowing. 
Under more extreme weather condit ions t h e  foam did  not  appear t o  b u i l d  up 
a s  extens ively  as  during calmer periods.  With moderate northwest winds 
(5-15 knots)  we o f t e n  observed foam p i l e d  up i n  t h e  southern por t ion  o f  
Diablo Cove i n t e r t i d a l .  The foam covered up t o  600 m2 of i n t e r t i d a l  a r e a  
and was up t o  0.3 m (1 it) th ick .  
While t h e  pumps were o f f  we observed foam 75% of  t h e  time. However, 
t h e  foam was never as  t h i c k  and r a r e l y  a s  extensive a s  \\re observed during 
t h e  pump t e s t i n g  period.  We genera l ly  observed more foam a t  f lood and 
slack t i d e s  and a t  t imes of  low wind veloci ty .  It was apparent  t o  us,  
though, t h a t  moderate t o  heavy s e a s  were necessary t o  produce extens ive  
foam when t h e  purngs were not  opera t ional .  
Foam may a f f e c t  benthic  a l g a l  communities by i n t e r f e r i n g  with pnoto- 
syn thes i s  through the  reduction i n  l i g h t  t r a v e l i n g  through t h e  water 
column. We do not  know i f  t h e  wave lengths  o r  mounts  of l i g h t  important 
t o  photosynthesis a r e  a f fec ted  d i f f e r e n t i a l l y  by passage through foam. It 
is  apparent  though t h a t  a lgae  i n  t h e  southern por t ion  o f  Diablo Cove has 
coritinued t o  e x i s t  with n a t u r a l l y  produced foam. Only cont inual  monitoring 
i n  conjunction with labora tory  s t u d i e s  can determine whether Sl,ischarged 
produced foam can produce a marked change i n  s u b l i t t o r a l  a l g a l  community. 
Foanl cons i s t en t ly  p i l e d  i n  the  i n t e r t i d a l  nay i n t e r f e r e  with photo- 
syn thes i s  of a lgae  during per iods  of  t i d a l  exposure. W e  w i l l ,  t h e r e f o r e ,  
continue observing foam condit ions i n  Diablo Cove, not ing  any i n t e r t i d a l  
foam, its thickness and ex ten t .  
MISCELLANEOUS DIVING SURVEYS 
On June 21, 1976, we made a reconnaissance dive i n  t h e  v i c i n i t y  of  
Diablo Canyon power p l a n t  discharge s t r u c t u r e .  We were i n t e r e s t e d  i n  
observing what e f f e c t ,  i f  any, scouring had on t h e  benthic  a lgae  i n  t h e  
area.  The cooling water discharge plume had been s h u t  down f o r  four  
months ( t e s t i n g  was discontinued on February 27, 1976). The a r e a  i n  
f r o n t  o f  t h e  discharge s t r u c t u r e  t o  approximately 46 m (150 f t )  seaward 
showed t h e  g r e a t e s t  s igns  of  scouring. There was l i t t l e  sand o r  s h e l l  
fragments in cracks and c rev ices  and most exposed rocks were covered by 
green a lgae  (Ulva sp. and Spongomorpha sp. 1, which a r e  t h e  f i r s t  spec ies  
I 
I 
I 
I 
I 
I 
I to es tab l i sh  themselves i n  newly ava i l ab le  h a b i t a t s  such as new breakwaters,  
I . . 
I 
I f reshly scoured rock bottoms, e t c .  (Figure 5 ) .  In s l i g h t l y  deeper water  w e  
I 
I 
I observed a dense bed of bull kelp,  N e r e o c y s t i s  luetkeana. There was no 
I 
I 
I 
benthic algae understory on t h e  shoreward s ide  of t h i s  bed and l i t t l e  sand 
I 
I o r  s h e l l  rubble on the  bottom. A t  approximately 61 m (200 f t )  from t h e  
I 
1 discharge s t r u c t u r e  and s t i l l  within t h e  b u l l  kelp bed, a heal thy  understory 
I 
I ( of algae began, including L a m i n a r i a ,  P t e r y g o p h o r a ,  a r t i c u l a t e d  c o r a l l i n e s ,  I I 
and a few f o l i o s e  red  algae.  Beyond the t h i c k  N e r e o c y s t i s  bed we observed 
1 E g r e g g i a m e n z i e s i i a n d o c ~ a s i o n a l p a t c h e s o f P h y l l o s p a d i x s p .  
1 .  
I 
; i We f e l t  it was unusual f o r  such a dense bed of N e r e o c y s t i s  t o  develop 
I i 
i I i n  water l e s s  than 1.9 m (6 f t )  deep. Scouring o f  competi t ive understory 
I /  algae and reduced herbivore d e n s i t i e s  may be responsible f o r  t h e  successful  
i I 
I I set t lement and growth of  b u l l  kelp i n  t h e  area.  

SUMMARY 
1. Pro jec t  e f f i c i ency  was enhanced and economic savings were achieved 
through reduced pe r  diem c o s t s  with t h e  move of two p r o j e c t  b io lo-  
g i s t s  t o  t h e  Dials10 Canyon a rea .  Of f i ce  and labora tory  f a c i l i t i e s  
were es tabl i shed on t h e  power p l a n t  s i t e .  
2. A new sub t ida l  study o f  h-m2 quadrats  was begun t h i s  year  t o  b e t t e r  
assess  small inve r t eb ra tes .  Three new permanent i n t e r t i d a l  s t a t i o n s  
were es t ab l i shed  i n  t r a n s i t i o n  a reas  ou t s ide  of Diablo Cove t o  
monitor thermal impact on abalones i n  t h e s e  areas.  
3. Work was begun i n  January 1976 t o  e s t a b l i s h  a computer f i l e  f o r  
s torage ,  r e t r i e v a l ,  and ana lys i s  of a l l  t h e  da ta  generated i n  our 
work. 
4. A t o t a l  of  765 f i e l d  and labora tory  man-days was spent  surveying 
189 i n t e r t i d a l ,  sub t ida l ,  and f i s h i n g  s t a t i o n s ;  processing a lgae  
samples ; and compiling data. 
5. Abundances of the  l a r g e r  inve r t eb ra tes  a t  t h e  permanent s u b t i d a l  
s t a t i o n s  seem t o  have remained f a i r l y  constant  w i t h  t h e  notable  
exception of t h e  g ian t  red sea  urchin,  S t r o n g y ~ o c e n t r o t u s  f r a n c i s c a n u s ,  
which continued its decl in ing t rend.  
6 .  Sampling e f f o r t  a t  the  random s u b t i d a l  s t a t i o n s  was increased t h i s  
year.  A t o t a l  of 48 s t a t i o n s  were surveyed i n  t h e  two study a reas ,  
up from 28 i n  t h e  previous year. 
7 .  O f  t h e  35 inver tebra te  species  quan t i f i ed  a t  t h e  30-m2 random s u b t i d a l  
s t a t i o n s ,  only 1 2  occurred with a frequency of 50% o r  g r e a t e r  i n  t h e  
two study areas.  They were: T e t h y a  a u r a n t i a ,  An thop leura  xantnogram- 
m i c a ,  Cancer a n t e n n a r i  u s ,  A s t r a e a  g i b b e r o s a ,  D o r i o p s i l  l a  a l b o p u n c t a t a  , 
~ e n r i c i a  l e v i u s c u l a ,  ~ e p t a s t e r i a s  spp. , P a t i r i a  m i n i a t a ,  P i s a s t e r  
g i g a n t e u s ,  Pycnopodia h e l i a n t h o i d e s ,  S t r o n g y l o c e n t r o t u s  f r a n c i s c a n u s ,  
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and S t y e l a  m n t e r e y e n s i s .  The most common inver t eb ra te  i n  t h e  two 
study a reas  was P a t i r i a  m i n i a t a ;  Last  year t h i s  animal showed s i m i l a r  
nunbers but was second i n  abundance t o  t h e  g i a n t  red s e a  urchin ,  
S .  f r a n c i s c a n u s .  This year  t h e  r ed  sea  urchin population was g r e a t l y  
diminished compared t o  previous years ,  most probably due t o  s e a  
o t t e r  foraging. 
2 
A t o t a l  of 5 2 ,  &-m quadrats was surveyed during t h e  year .  Only f i v e  
o f  t h e  40 inver t eb ra te  species  q u a n t i f i e d  occurred with f requencies  
of 50% o r  g r e a t e r  i n  e i t h e r  of t h e  study areas .  These were 
Bal anophy 11 i a  e l  egans , P a t i r i a  m i n i a t  a ,  Acmaea mi t r a  , Homolopoma 
l u r i d u m ,  and T o n i c e l l a  l i n e a t a .  B a l a n o p h y l l i a  was by f a r  t h e  most 
numerically dominant while t h e  o t h e r  four species  were s i m i l a r  i n  
abundance. 
Populations of  l a r g e  brown s u b t i d a l  a lgae ,  Nereocystis l u e t k e a n a ,  
C y s t o s e i r a  osmundacea, Laminaria dentigera, and Pterygophora c a l i -  
f o r n i c a  have continued t o  show genera l ly  s teady increases .  
Abundances of many species  of s u b t i d a l  p l a n t s  and animals var ied  with 
r e spec t  t o  the  type  of s t a t i o n  where they were quan t i f i ed ,  i.e., 
permanent 60-m2 l i n e a r  s t a t i o n s ,  random 30-m2 a r c  s t a t i o n s ,  o r  random 
2 3-m quadrat s t a t i o n s .  However, we f e e l  each method f u l f i l l e d  a 
p a r t i c u l a r  purpose; t h e  permanent s t a t i o n s  were b e t t e r  a t  p icking up 
l o c a l  changes i n  abundance due t o  seasonal  v a r i a t i o n  o r  man-caused 
2 per tu rba t ions ,  the 30-m random s t a t i o n s  allowed f o r  broad-scale 
2 population es t imates ,  and t h e  k-m quadrats  y ie lded information on 
populat ions of smaller  and more c r y p t i c  animals otherwise missed 
with the other two methods. 
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I 
1 
1 11. Eight  species  of red algae  i n  the shallow s u b t i d a l  region of Diablo 
Cove, a s  determined by k-m2 samples, composed over  90% of t h e  t o t a l  
" so f t "  a l g a l  biomass : Hymenena spp. , Botryog lossum far lowianum,  1 
I G i g a r t i n a  e x a s p e r a t a ,  I r i d a e a  spp. , O p u n t i e l l a  c a l  i f o r n i c a  , Hymenea 
f l a b e l l i g e r a ,  Iq icrocladia  coul  ter i  , and P r i o n i  t i s  l a n c e o l a t a .  In  
t h e  shallow region o f  t h e  North Control a r e a ,  four  spec ies  comprised 
over 90% of t h e  t o t a l  biomass : Botryog lossum far lowianum,  ~ i g a r t i n a  
G 
e x a s p e r a t a ,  Hymenena f l a b e l l i g e r a ,  and G i g a r t i n a  p a p i l l a t a .  Wnile 
t h e  North Control shallow s u b t i d a l  agpeared t o  have a s u b s t a n t i a l l y  
l a r g e r  s tanding crop of red a lgae  than d id  Diablo Cove (166.5 gms/ 
2 k-m2 t o  61.1 cj&/b-rn 1 ,  Diablo Cove showed a g r e a t e r  species  
d i v e r s i t y  than d id  the  Nortn Control  (30 s2ec ies  o r  "coinplexes" 
vs. 22) .  
1 2 .  O f  t h e  four  species  of  l a r g e  brown s u b t i d a l  a lgae  counted a t  our 
s t a t i o n s ,  t h e  t r e e  kelp,  Pterygopbora c a l i f o r n i c a ,  $;as numerically 
dominant. It  was followed, i n  descending o rde r ,  by Laminaria  
d e n t i g e r a ,  N e r e o c y s t i s  l e u t k e a n a ,  and C y s t o s e i r a  osriundacea. A t  
t h e  ~ i & l o  Cove random s t a t i o n s  Pterygophora ,  Laminar ia ,  and 
I 
I N e r e o c y s t i s  a l l  showed tremendous inc reases  over t h e  preceding year. 
I 
I A t  t h e  North Control random s t a t i o n s ,  only ~ e r e o c y s t i s  showed an 
I increase ;  Pterygophora and Laminaria appeared unchanged. 
13. The annual shore census o f  b u l l  ke lp ,  N e r e o c j l s t i s  l e u t k e a n a ,  i n  
~ i a b l o  Cove was n o t  attempted this yea r  because of t h e  f u t i l i t y  
of  counting a dense and extens ive  canopy. Ins tead ,  a populat ion 
es t imate  was generated based on s u b t i d a l  da ta  from permanent and 
random sub t ida l  s t a t i o n s .  We obtained an es t imate  of 336,700 bull 
ke lp  p l a n t s  (assuming even d i s t r i b u t i o n ) .  This number was r e l a t e d  
t o  a rough 1 0 : l  r a t i o  (population est inlate t o  su r face  census) .  The 
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r e s u l t a n t  f igure  i s  a su r face  canopy es t imate  of about 33,000 p l a n t s .  
This number represents  a 92% inc rease  over t h e  1974 shore census of 
18,000 plants .  A shore census performed i n  March showed 5,800 p l a n t s  
i n  t h e  surface  canopy had survived t h e  winter  storms a t  t h a t  point .  
14. Of t h e  2 8  spec ies  of diver-observed f i s h e s  a t  t h e  two random s tudy 
a r e a s ,  the  t h r e e  most f requent ly  recorded were b lue  rockf ish ,  
S e b a s t e s  m y s t i n u s  ; s t r i p e d  surfperch ,  Embiotoca l a t e r a l  is  ; and 
pain ted  greenling,  O x y l e b i u s  p i c t u s .  Permanent s t a t i o n s  wi th in  
Diaislo Cove r e f l e c t e d  t h e  same dominance, but  t h e  three permanent 
s t a t i o n s  o u t s i d e  the Cove (6, 7, and 15) showed a d i f f e r e n t  
dominant asseniblage: black and yellow rockf ish ,  Sebastes chrysomelas; 
followed by blue rockf ish;  ke lp  greenling,  Hexayrammos d e c a g r m u s ;  
and blackeyed gobies, C o r y p h o p t e r u s  n i c h o l s i .  
15. The sarue f i v e  species  o f  t h e  2 5  "dominant" species  o f  i n t e r t i d a l  
inve r t eb ra tes  (occurring with a frequency of 25% o r  more a t  t h e  
random s t a t i o n s )  l i s t e d  i n  t n e  previous (1975) annual r e p o r t  as 
c h a r a c t e r i s t i c  of t h e  s t a t i o n s  sampled were again t h e  dominant 
inve r t eb ra tes  t h i s  year .  These were: T e g u l a  b r u n n e a ,  E p i a c t i s  
p r o l i f e r a ,  ~ e n r i c i a  l e v i u s c u l a ,  L e p t a s t e r i a s  spp. and P u g e t t i a  
16. The seasonal t r ends  of average biomass of non-calcareous a l g a e  
es t ab l i shed  in our  previous r e p o r t s  have p e r s i s t e d .  General ly,  
biomass f i g u r e s  from the upwelling per iod  appeared t o  b e  consid- 
e rab ly  higher than those  from t h e   avids son Period. I n  t h r e e  o f  
the four  study a r e a s  (North Diablo Cove, South D i a l 0  Cove and 
North Contro l ) ,  four  forms composed a t  l e a s t  60% of  the t o t a l  
biomass: Iridaea com?lex (I. flaccida and I .  Corda ta  var .  
SUL%NARY (Cont . ) 
s p l e n d e n s )  , P r i o n i t i s  l a n c e o l a t a ,  Gas t roc lon ium c o u l  ter i  and G i  y a r t i n a  
c a n a l i c u l a t a .  A t  tlle Diablo Point  study a rea ,  the  dominance of 
Gas trocloni urn and G i g a r t i n a  c a n a l i c u l a t a  were replaced by 
Ery throphy l lum d e l e s s e r i o d e s  and G i g a r t i n a  exasperata. 
I 1 7 .  The percentage cover es t imates  f o r  a r t i c u l a t e d  c o r a l l i n e  a lgae  and 
s u r f  grass ,  P h y l l o s p a d i x  spp., from t h e  random i n t e r t i d a l  s t a t i o n s  
have been transformed i n t o  arc-sine equivalents .  
18. Numbers of i n t e r t i d a l  black and red abalones from the  random p a r a l l e l -  
to-shorel ine s t a t i o n s  have n o t  changed apgreciably in any of t h e  
study a reas  during the  year. Black abalones i n  North Diablo Cove and 
Diablo Point  study a reas  showed s l i g h t  a r i thmet ic  decreases i n  t h e i r  
mean numbers, but  these  were probably not  s t a t i s t i c a l l y  s i g n i f i c a n t .  
iin analys is  of variance was performed on t h e  abalone da ta  and it 
showed no s i g n i f i c a n t  change i n  n w e r s  a t  any o f  t h e  study a reas  
s ince  our  work began i n  1973. Size d i s t r i b u t i o n s  of  black and red  
abalones, however, appeared t o  nave continued a dec l in ing  t r e n d  i n  
t h r e e  of t h e  study areas .  
19. Random perpendicular-to-shoreline s t a t i o n s ,  i n i t i a t e d  t o  b e t t e r  a s s e s s  
t o t a l  i n t e r t i d a l  black abalone s t a t i o n s ,  have shown much higher  mean 
numbers i n  most of  t h e  stud- a reas  than t h e  p a r a l l e l  s t a t i o n s  surveyed 
a t  t h e  same time. 
20. Abalone d e n s i t i e s  a t  t h e  permanent i n t e r t i d a l  t r a n s e c t s  which we have 
m n i t o r e d  s ince  t h e  beginning have increased s l i g h t l y  a t  most s t a t i o n s .  
Three new permanent s t a t i o n s  were es t ab l i shed  i n  thermal t r a n s i t i o n  
a r e a s  t o  follow abalone populat ions i n  t h e s e  l o c a l e s ,  
21. Sea o t t e r  movements and f l u c t u a t i o n s  i n  monthly counts genera l ly  
p a r a l l e l e d  those  of t h e  previous two yea r s  i n  the  Pt. Buchon t o  
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Pecho Rock area .  They were observed near  ~ i a b l o  Cove only on a few 
occasions, and only one o t t e r  was seen i n s i d e  t h e  Cove. More o t t e r s  
were seen with higher frequency i n  our  North Control a rea .  Abalones 
remain the  most rommonly observed food i tem i n  t h e  o t t e r ' s  d i e t .  
Giant red s e a  urchins,  whose numbers nave decl ined markedly, a r e  now 
consumed with l e s s  frequency by t h e  o t t e r s  than i n  preceding yea r s .  
22. The commercial s e a  urchin f i she ry  was h a l t e d  during t h e  e a r l y  p a r t  
o f  t h i s  r epor t  per iod  due t o  economic reasons and d id  not  resume. 
Commercial abalone f i s h i n g  has continued t o  dec l ine  w i t h  only a 
few boats  working mostly i n  t h e  Pecho Rock area .  Neither  f i s h e r y  
operated wi th in  Diablo Cove. 
23. The catch-per-unit-of-ef f o r t  o f  s p o r t  f i s h  study continued a t  t h e  
permanent and random sub t ida l  s t a t i o n s  throughout t h e  year .  In  
Diablo Cove, t h e  most f requent ly  caught species  was the black rock- 
f i s h  while i n  t h e  r b r t h  Control t h e  blue rockf ish  was predominant. 
Catch r a t e s  increased over t h e  previous years  bu t  we be l i eve  t h i s  
increase  does no t  represent  any r e a l  change i n  f i s h  populat ions.  
24. Food hab i t  s t u d i e s  on four  species  of rockfishes continued. Fishes 
examined were black and yellow rockf i sh ,  S e b a s t e s  chrysomelas  ; 
gopher rockfish,  S. c a r n a t u s  ; ke lp  rockf ish ,  S. a t r o v i r e n s  ; and grass 
rockf ish ,  S. r a s t r e l l i g e r .  
2 5 .  Observations on n a t u r a l  and power plant-produced foam wi th in  Diablo 
Cove were begun during t h i s  r epor t  period.  When t h e  p l a n t  c i r cu la -  
t o r y  Pwnps were opera t ing ,  foam was observed a higher  percentage-of 
t h e  time and appeared t h i c k e r  than when the  pumps were o f f .  
26. A reconnaissance d ive  i n  t h e  v i c i n i t y  of the  discharge was made to 
assess t he  e f f e c t s  of  scouring on t h e  benthic  algae.  Generally, 
t h e  area in f r o n t  o f  t h e  discharge s t r u c t u r e  t o  about 150 ft sea- 
ward showed the g r e a t e s t  s igns  of scouring. Beyond 200 ft from 
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t h e  discharge the  benthic  algae assemblages d i d  n o t  appear 
unusual- 
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I APPEM)IX I 
I 
I 
I 
I MAN-DAYS SPENT AT DIABLO CANYON POWER PLANT SITE 
I 
I 
I 
I A p r i l  1 - June  30, 1975 
I 
I 
I 
I ~ n r e r t i d a l  Surveys: A p r i l  16 - 1 8  
I 
I 
I 
I P a r t i c i p a n t s  : Laurent ,  Wendell, Wiley 
I 
I 
I 
I May 1 4  - 17 
I 
1 1  P a r t i c i p a n t s  : 
1 i 
I i 
P a r t i c i p a n t s  
I 
; j 
S u b t i d a l  Surveys: ' / 
P a r t i c i p a n t s :  
I ! 
Laurent ,  Wendell, Freeman, Wiley 
June  1 2  - 6 ,  28 - 30 
Laurent ,  Go t sha l l ,  Wendell, Freeman, Wiley 
A p r i l  15 ,  19,  22 
Got s h a l l ,  Laurent  , Wend e l  1 
May 4  
I ! P a r t i c i p a n t s :  Lauren t ,  Wendell 
P a r t i c i p a n t s :  
' ~ u n e  1 2 ,  22 - 24 
Go t sha l l ,  Lauren t ,  Wendell 
/ Spor t f  i s h  Catch-Per-Unit-of-Ef fort I I I 
I 
Study June 2 2  - 24 I I 
I 
I 
I 
I 
I 
P a r t i c i p a n t s :  G o t s h a l l ,  Lauren t ,  Wendell I 
I 
I I 
MAN-DAYS SPENT AT DIABLO CANYON POWER PLANT SITE I I 
I 
I 
I 
1 J u l y  1, 1975 - June 30, 1976 
I 
I 
I 
T o t a l  man-days 
I .k 
I T o t a l  man-days a t  s i t e  
J u l y  1, 1975 A p r i l  1 - 
March 31, 1976 June  30, 1976 T o t a l s  
1 T o t a l  s t a t i o n s  surveyed 
t 
i 
1 T r ave l  t i m e  man-days 
I Boat time (hr )  67.6 21.4 89.0 I 
( 
I 
I 
** I 
I 
216 52 268 Laboratory t i m e  man-days I I 
I 
I 
I 
I 
I 
I 
I 
I 
A I I 
Leader 
APPENDIX 11 
Addi t ions  t o  t h e  1973-74 I ~ ~ ~ ~ c ~ ~ ~ ~ ~ ~  and Fish Species  L i s t  
S c i e n t i f i c  name Common name ~ ~ t ~ r t i d a l  S u b t i d a l  
P o r i f e r a  
X i Acamnus erithacus r e d  volcano sponge 
i x 
* ~eucandra heathi w h i t e  s p i c u l a t e  sponge 
i 
I 
7 ,  I * OphZitaspongia pannata r e d  sponge 11 
PoZymastia pachymastia c o l o n i a l  urn sponge 
I 
* Spongia id ia  g i a n t  g ray  sponge 
* [TettiZa arb 
C o e l e n t e r a t a  
* ~ b i e t i n a r i a  s p  . 
AZ Zopora cazi fornica 
* Cactosoma arenaKa 
HaZcampa decemtentacuZata 
* SertuZare ZZa spp. 
" l ' e a ~ k  coriacea 
Annel ida  
" ~ i o p a t r a  omata 
*~yxicoZa infundibuZm 
* ~ i s t a  s p .  
I S ipunculo  idea 
i * Phascolosoma agassizii  
1 Arthropoda 
I 
* Balanus cariosus 
1 " ~ a ~ a n u s  gZandula 
p u f f b a l l  sponge 
hydro id  X 
branch ing  hydrocora l  
anemone X 
anemone 
hydro id  
anemone 
p o l y c h a e t e  
b l u e  plume worm 
fu r ry  p o l y c h a e t e  
c a r t e r  worm 
b a r n a c l e  
barnacle 
b a r n a c l e  
APPENDIX I1 (Cont.) 
S c i e n t i f i c  name Common name 
*~aZanus tintinnabuZwn b a r n a c l e  
* Heptacarpus brevirost2c.i~ shrimp 
*~eptacarpus pictus shrimp 
* Beptacarpus tay Zori shrimp 
LophoZithoides 
foraminat us 
* Lophopanopeus beZZus 
*Lophopanopeus Zeucomanus 
heathii  
" ~ a c h ~ c h e  Zes pubescens 
*~achycheZes m d i s  
*~etroZis thes  cinctipes 
*phY ~ Z o ~ i t h o d e s  pupil Zosus 
* ~ c y r a  cutifrons 
*!Z'etracZita s q m o s a  
rubescens 
Amphissa sp. 
*CadZina flavomaculata 
CaZZiostoma annuZatwn 
CaZZiostoma canaZicuZatwn 
CaZZiostom suprapanosurn 
su era to st om fo Ziatwn 
box c rab  
c rab  
I n t e r t i d a l  Sub t i d a l  
crab 
c rab  X 
I 
c rab  
hermi t  c r a b  
hermit  c rab  
hermit  c rab  
coon s t r i p e  shrimp 
p o r c e l a i n  c r ab  
anornuran crab  
c rab  
r ed  tha tched  ba rnac l e  X 
s n a i l  
nudibranch 
p u r p l e  r i n g  t o p  s h e l l  
top s h e l l  
top  s h e l l  
hormouth 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I *chromordoris cazi for iens  
I 
I 
I kchromodoris macfarZand 
I 
I 
I *chromodoris porterae 
I 
I 
I 
corpyphe ZZa f isheri  
*~repiduZa numaria  
* ~ r e ~ i d u Z h  performs 
Diodora aspera 
Epitoniwn t inctwn 
HomaZopoma Zuridwri 
*Ischnochiton radians 
*KG Z Ze t i a  ke Z Ze tii 
LaiZa cockereZZi 
*LameZZaria sp. 
*Lepidozona mertensii  
*Leptochiton rugatus 
Mame ZZia santarosand 
*Megatebennus bimacuZatus 
Megathura crenuZata 
*fiuce Z Za emarginata 
*0cenebra sp  , 
"0cenebra eircwnetexta 
"~cenebra  in ter fossa  
OZive ZZa bip  Zicata 
* ~ t e n o p  Z a x  heathiana 
-LA%- 
APPENDIX I1 (Cont.) 
Common name 
nudibranch 
nudibranch 
nudibranch 
nudibranch 
s l i p p e r  s h e l l  X 
s l i p p e r  s h e l l  X 
rough keyhold l impet  
t i n t e d  wen t l e t r ap  X 
s n a i l  X 
c h i t  on X 
snail 
nudibranch 
baby e a r  s h e l l  
c h i t  on 
ch i ton  
I n t e r t i d a l  S h b t i d a l  
X 
X 
X 
X 
X 
piddock 
Santa  Rosa murex 
f l e s h y  keyhold l impet  X 
keyhole l impet  
emarginata  dogwinkle X 
s n a i l  X 
pu rp l e  o l i v e  s n a i l  
s n a i l  
pu rp l e  o l i v e  s n a i l  
c h i t  on 
-125- 
APPENDIX I1 (Cont.) 
S c i e n t i f i c  name 
* x o p h a  carpenteri 
* ~ r i o p h a  maculata 
Ectoproc ta  
* C ~ s i a  sp.  
*~urystome Z Za b i  Zabiata 
* Heteropora magna 
HippodipZosia inscuZpta 
Echinodernat a 
Lissothuria nutr;iens 
* ~ ~ h i o ~ ~ o c u s  esrnarki 
Ophiothrix spiculata  
Parastichopus parvimensis 
SoZaster dmsoni  
Chordata-Ascidians 
Comon name 
nudibranch 
nudibranch 
bryozoan 
bryozoan 
s taghorn  bryozoan 
f l u t e d  bryozoan 
red  cucumber 
b r i t t l e  s t a r  
b r i t t l e  s t a r  
s e a  cucumber 
twelve arm s u n s t a r  
Metmzdrocarpa t u n i c a t e  
*pyu.ra haus t o r  warty t u n i c a t e  
* Sa Zmo gairdenerii s t e e l h e a d  t r o u t  
I n t e r t i d a l  S u b t i d a l  
* Species  i d e n t i f i e d  J u l y  1, 1975 through June 30, 1976 
